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(54) DIRECTION CONTACT FEEDBACK FOR TACTILE FEEDBACK INTERFACE 
DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a direction tactile feedback provided inside a 
tactile feed back interface device. 

SOLUTION: The interface device 200 includes at least two actuator assemblies 202 
and 204 provided with moving inertial mass 206 and 210respectively. One control 
signal provided for the actuator assemblies 202 and 204 in different sizes provides a 
direction inertial sensation felt by a user. By imparting a waveform in a larger size to 
one actuator 208 and 212a sensation having a direction almost corresponding to the 
position of the actuator inside a housing is provided. In a different embodimentthe 
each actuator assemblies are provided with rotation inertial mass and the control 
signal has different duty cycles and provides the direction sensation. 



CLAIMS 



[Claim(s)] 

[Claim 1]An interface device which provides a user with direction tactile 
feedbackcomprising: 

Housing in which this interface device communicates with a host computerandas for 
this devicethis user contacts physically. 



At least one sensor which detects a user input from this user. 

They are at least two actuator assemblies combined with this housinglncluding move 
inertial massthis actuator assembly is positioned in this housingand each of this 
actuator assembly generates direction inertia feeling on this housingAn actuator 
assembly which one control signal is provided in a size which is different in each of 
this actuator assemblyand provides this direction inertia feeling that this user senses. 

[Claim 2]The interface device according to claim 1 which a bigger size than said 
wave-like one is given to a specific actuator assembly of said actuator assembliesand 
provides feeling which has a direction corresponding to a position of an actuator 
assembly of this specification in said housing mostly. 

[Claim 3]Feeling which a bigger size than said wave-like one is given to an actuator 
assembly of the left of said actuator assembliesand has the direction of the left is 
providedThe interface device according to claim 2 which provides feeling which a 
bigger size than that of this waveform is given to an actuator assembly of the right of 
these actuator assembliesand has the direction of the right. 

[Claim 4]The interface device according to claim 1 which receives instructions of a 
high level from said computerand is further provided with a local processor which 
controls said actuator assembly by instructions of this high level. 
[Claim 5]Instructions of said high level including a balance parameter this balance 
parameterThe interface device according to claim 4 in which output current between 
said actuator assemblies is divided into howand it is shown whether a position of a 
request of said direction inertia feeling is provided in accordance with an axis between 
these actuator assemblies. 

[Claim 6]The interface device according to claim 5 which carries out mutually- 
independent [ of this frequency and the size ] including a parameter of frequency and 
a size as which instructions of said high level specify frequency and a size of said 
inertia feeling. 

[Claim 7]The interface device according to claim 5 with which this envelope changes 
a size of this inertia feeling including at least one envelope parameter with which 
instructions of said high level specify an envelope on said inertia feeling. 
[Claim 8]The interface device according to claim 1 with which said actuator assembly 
vibrates said inertial mass to linearityrespectively. 

[Claim 9]The interface device according to claim 8 which said control signals are 
[ device ] harmonics and makes said inertial mass drive in the two directions. 
[Claim 10]The interface device according to claim 1 with which said control signal is 
divided into two control signalsone of these control signals differs in another control 
signal and phaseand this control signal is transmitted to one of these actuator 
assembliesrespectively. 

[Claim 11]The interface device according to claim 1 which said actuator assembly 
makes rotate said inertial massrespectively. 



[Claim 12]The interface device according to claim 11 which rotates said inertial mass 
only in one hand of cut. 

[Claim 13]The interface device according to claim 12 which each of each size and 
frequency of inertia feeling which were generated by each of said actuator assembly 
can adjust independently from mutual. 

[Claim 14]The interface device according to claim 1 with which said housing has said 
each of actuator assembly in one of these grips including two grips. 
[Claim 15]An interface device which provides a user with direction tactile 
feedbackcomprising: 

Housing in which this interface device provides said tactile feedback by the display of 
a computerandas for this devicethis user contacts physically. 
At least one sensor which detects a user input from this user. 
They are at least two actuator assemblies combined with this housingThis actuator 
assembly contains rotational inertia mass driven to one wayrespectivelyThis actuator 
assembly is positioned in this housingand generates direction inertia feeling on this 
housingAn actuator assembly which a control signal is provided by a duty cycle which 
is different in each of this actuator assemblyand provides this direction inertia feeling 
that this user senses. 

[Claim 16]Feeling which a size ordered in said control signal is given to an actuator 
assembly of the left of these actuator assembliesand has the direction of the left is 
providedThe interface device according to claim 14 which provides feeling which a 
size ordered in this control signal is given to an actuator assembly of the right of 
these actuator assembliesand has the direction of the right. 

[Claim 17]The interface device according to claim 15 which receives instructions of a 
high level from said computerand is further provided with a local processor which 
controls said actuator assembly by instructions of this high level. 
[Claim 18]Instructions of said high level including a balance parameter this balance 
parameterThe interface device according to claim 1 7 in which a size of output 
vibration between these actuator assemblies is divided into howand it is shown 
whether a position of a request of said direction inertia feeling is provided in 
accordance with an axis between these actuator assemblies. 
[Claim 19]The interface device according to claim 18 which carries out mutually- 
independent [ of this frequency and the size ] including a parameter of frequency and 
a size as which instructions of said high level specify frequency and a size of said 
inertia feeling. 

[Claim 20]The interface device according to claim 18 with which this envelope 
changes a size of this inertia feeling including at least one envelope parameter with 
which instructions of said high level specify an envelope on said inertia feeling. 
[Claim 21]The interface device according to claim 15 with which one of said control 
signals differs in another control signal and phaseand this control signal is transmitted 



to one of these actuator assembliesrespectively. 

[Claim 22]The interface device according to claim 15 with which one of said control 
signals differs in another control signal and phase. 

[Claim 23]The interface device according to claim 22 with which one of said control 
signals is combined with said another control signal so that this control signal may 
never be simultaneously set to ON. 

[Claim 24]When one of said control signals is set to ON simultaneously with said 
another control signalThe interface device according to claim 15 which is made into 
pulse form by frequency and a duty cycle predetermined [ at least one ] of these 
control signalsand decreases at least one requirement for average power in this 
actuator assembly. 

[Claim 25]Are the method of providing a user who operates an interface deviceand 
this interface device communicates direction tactile feedback with a host 
computerand this methodA process of detecting an input from this user based on this 
operation of this interface devicelt is the process of outputting direction inertia 
feeling on housing of this interface device with which this user contacts 
physicallyThis direction inertia feeling is generated by at least two actuator 
assembliesThis actuator assembly moves inertial massrespectivelyand this actuator 
assembly is positioned in this housingand generates this direction inertia feelingA 
method of including a process of one control signal being provided in a size which is 
different in each of this actuator assemblyand providing this direction inertia feeling 
that this user senses. 

[Claim 26]A method according to claim 25 of a bigger size than said wave-like one 
being given to a specific actuator assembly of said actuator assembliesand providing 
feeling which has a direction corresponding to a position of an actuator assembly of 
this specification in said housing mostly. 

[Claim 27]Feeling which a bigger size than said wave-like one is given to an actuator 
assembly of the left of said actuator assembliesand has the direction of the left is 
providedA method according to claim 26 of providing feeling which a bigger size than 
that of this waveform is given to an actuator assembly of the right of these actuator 
assembliesand has the direction of the right. 

[Claim 28]Receive instructions of a high level from said computerand a local 
processor which controls said actuator assembly by instructions of this high level is 
included furtherA way according to claim 26 instructions of this high level show how 
this balance parameter divides output current between these actuator assembliesand 
a position of a request of this direction inertia feeling is provided in accordance with 
an axis between these actuator assemblies including a balance parameter. 
[Claim 29]A method according to claim 28 of carrying out mutually-independent [ of 
this frequency and the size ] including a parameter of frequency and a size as which 
instructions of said high level specify frequency and a size of said inertia feeling. 
[Claim 30]The interface device according to claim 25 which said actuator assembly 



vibrates said inertial mass to linearityrespectivelyand said control signals are 

[ device ] harmonics and makes this inertial mass drive in the two directions. 

[Claim 31]The interface device according to claim 25 with which said control signal is 

divided into two control signalsone of these control signals differs in another control 

signal and phaseand this control signal is transmitted to one of said actuator 

assembliesrespectively. 

[Claim 32]The interface device according to claim 25 which said actuator assembly 
makes rotate said inertial massrespectively. 

[Claim 33]Are the method of providing a user who operates an interface deviceand 
this interface device communicates direction tactile feedback with a host 
computerand this methodA process of detecting an input from this user based on this 
operation of this interface devicelt is the process of outputting direction inertia 
feeling on housing of this interface device with which this user contacts 
physicallyThis direction inertia feeling is generated by at least two actuator 
assembliesEach of this actuator assembly makes one way rotate inertial massA 
method of including a process of this actuator assembly being positioned in this 
housingand generating this direction inertia feelingand a control signal being provided 
by a duty cycle which is different in each of this actuator assemblyand providing this 
direction inertia feeling that this user senses. 

[Claim 34]Feeling which a size ordered in said control signal is given to an actuator 
assembly of the left of said actuator assembliesand has the direction of the left is 
providedA method according to claim 33 of providing feeling which a size ordered in 
this control signal is given to an actuator assembly of the right of these actuator 
assembliesand has the direction of the right. 

[Claim 35]Instructions of a high level received from said host computer control said 
actuator assemblyand including a balance parameter this balance parameterA method 
according to claim 33 of dividing a size of output vibration between these actuator 
assemblies howand showing whether in accordance with an axis between these 
actuator assembliesa position of a request of said direction inertia feeling is provided. 
[Claim 36]A method according to claim 35 of carrying out mutually-independent [ of 
this frequency and the size ] including a parameter of frequency and a size as which 
instructions of said high level specify frequency and a size of said inertia feeling. 
[Claim 37]A way according to claim 33 one of said control signals differs in another 
control signal and phase. 

[Claim 38]A method according to claim 37 by which one of said control signals is 
combined with said another control signal so that this control signal may never be 
simultaneously set to ON. 

[Claim 39]When one of said control signals is ON simultaneously with said another 
control signalA method according to claim 33 of pulse form being used by frequency 
and a duty cycle predetermined [ at least one ] of these control signalsand decreasing 



at least one requirement for average power in this actuator assembly. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[0001](The background of an invention) This invention generally that human being 
interfaces with a computer system more about the interface device made possible in 
details. It is related with the computer interface device which enables a computer 
system to enable a user to provide a computer system with an inputand to provide a 
user with tactile feedback (haptic feedback). 

[0002]The user can interact with the environment displayed by computerin order to 
perform a function and a task on a computer. Common human-computer interface 
device used for such an interactionThe mouse connected to the computer systema 
joy sticka trackballa gamepada steering wheela stylusa tableta pressure-sensitive 
surface of a sphereetc. are included. Typicallya computer updates environment 
according to operation of physical control meanssuch as a joy stick handle by a 
useror a mouseand provides a user with feedback of vision and a sound using a 
display screen and a voice loudspeaker. A computer detects operation of the user's 
operation means by a user through the sensor formed on the interface deviceand this 
sensor transmits a **** signal to a computer. In some interface devicesthey are a 
kinesthetic-sense force feedback (kinesthetic force feedback) or contact feedback 
(tactile feedback) (generally), as this detailed in the letter one and "tactile feedback" 
— being also publicly known — it is provided for a user. These kinds of interface 
devices can provide the physical feeling detected by the user who is operating the 
user's operation means of an interface device. It is combined with housing or a control 
meansand one or more a motor or other actuators are connected to the control 
computer system, the event and interaction which are displayed when a computer 
system transmits a control signal or a command to an actuator — and an output is 
controlled in cooperation with them. 

[0003]Provide the tactual device of many low cost and the contact feedback 
grounded in inertia (inertially-grounded) this contact feedbackRather than the 
kinesthetic feedback which carries out direct correspondence to the flexibility of 
operation of the control means which is moving to a physical ground surface 
(earth)and outputs powerpower is transmitted about inertial mass and it is detected 
by the user. For examplethis spinning motor outputs a force sense to the housing of a 
controller in cooperation with the event which has occurred within the game including 
the spinning motor by which many gamepad controllers available now have eccentric 
mass. In some tactile-sense mouse devicesthe housing of a pina buttonor a mouse 
may be moved by the interaction of the controlled cursor and other graphical 
objectsand is detected by the user by touching these housing fields. 



[0004]Such one cheap problem of a tactile-sense controller is that the capability to 
transmit the force sense of a different kind to a user is restricted. The device which 
provides much pliability by a developer about orientation and adjustment of a tactile 
sense is more desirable. The available inertia controller can provide only the output 
pulse to the general direction of a gyrating massand vibration now. Thereforealthough 
it is perceived by the user that feeling is not outputted in the arbitrary specific 
directionsit is perceived that it is only outputted to up to the housing of a device. 
Howevermany events in the environment carried out by the game and other 
computers are direction basesand obtain profits with the directivity of the tactile 
sense which the present inertia tactual device cannot provide. 
[0005](Gist of an invention) This invention is turned to providing direction tactile 
feedback (directional haptic feedback) in a tactile feedback interface device. The 
feature of the power efficiency of the tactual device by invention used for such 
direction feedback is also explained. 

[0006]Morein detailsthe interface device of this invention provides a user with 
direction tactile feedbackand this interface device is communicating with the host 
computer. This device contains the housing physically contacted by the user and at 
least one sensor for perceiving a user input. Including the inertial mass which is 
movingat least two actuator assemblies are arranged in housingrespectivelyin order to 
cause direction inertia feeling (directional inertial sensation) to housing. A single 
control signal is provided with amplitude which is different in each actuator 
assemblyand the direction inertia feeling detected by the user is provided. It is given 
to a specific actuator assembly with the waveform of suitable more big amplitudeand 
the feeling which has a direction almost corresponding to the position of the specific 
actuator assembly in housing is provided. For examplebig amplitude is given by a left- 
hand side actuator assemblyand the feeling which has the direction of the left is 
provided. 

[0007]The local processor which receives the command of a high level from a 
computerand controls an actuator assembly may be contained. The command of this 
high level divides output current between actuator assembliesand may contain the 
balance parameter which shows how to provide the position of the request for the 
direction inertia feeling in alignment with the axis between actuator assemblies. An 
actuator assembly may vibrate inertial mass linearlyor may rotate eccentric rotation 
mass. The control signal might be divided into two control signalsand one side has 
shifted from the phase of another side. 
Each is transmitted to one of the actuator assemblies. 

The method of this invention enables the output of direction inertia feeling similarly. 
[0008]In another aspect of affairs of this inventionan interface device provides a user 
with direction tactile feedbackand contains the housing physically contacted by the 
user and at least one sensor for detecting a user input. At least two actuator 
assemblies contain the rotational inertia mass which you are made to drive by tropism 



on the other handrespectively. An actuator assembly is arranged in housingdirection 
inertia feeling is caused to housingit is provided here by the duty cycle from which a 
control signal differs in each actuator assemblyand the direction inertia feeling 
detected by the user is provided. For examplethe control signal of command 
amplitude is given to a left-hand side actuator assemblyand the feeling which has the 
direction of the left is provided. The same control may be provided also about the 
direction of the right. The command of a high level containing a balance parameter 
may be usedand the method of distributing the amplitude of output vibration between 
actuator assemblies is shown. One side of a control signal can be shifted from the 
phase of another side. A control signal may be interlaced so that it may not existwhen 
a control signal is by no means the same again. Or when one side of a control signal is 
the same as another side and it existsthe signal of one side or both can give a pulse 
by predetermined frequency and duty cycleand decreases the requirements for 
average power of an actuator assembly. The method of this invention enables the 
output of direction inertia feeling similarly. 

[0009]This invention provides the direction contact feedback feeling for the contact 
feedback which uses the actuator of low cost for an advantageous thing. These 
feelings make it possible experience which enables various feelings and plays a 
gameor experience which interacts with the computer application of other kinds is 
what is filled more for a user rather than being able to set to these kinds of tactual 
devices. The feature of electric power validity also makes the embodiment of a low- 
electric-power device possibleand provides the direction tactile sense indicated in 
this specification. 

[0010]These advantage and other advantages of this invention read the details of 
following this inventionand become clear in a person skilled in the art by often seeing 
some drawings. 

[001 1](Detailed explanation of a suitable embodiment) Drawing 1 is a perspective 
diagram of the tactile-sense feedback system 10. 

This tactile-sense feedback system 10 is suitable for using it for this inventionlt is 
possible to provide a host computer with an input based on operation of the device by 
a userand it is possible to provide the user of a system with tactile feedback based 
on the event which has occurred within the program executed by the host computer. 
The system 10 is shown in illustration form as the gamepad system 10 containing the 
gamepad interface device 1 2 and the host computer 1 4. 
[0012]The gamepad device 12 is the form of a hand-held controller. 
It is similar to the form and size of a gamepad of many available for a video game 
console system now. 

The housing 15 of the interface device 10 is fabricated so that two hands of holding a 
device in the grip protrusion parts 16a and 16b may be accommodated simply. In the 
embodiment of a graphic displaya user accesses the various control on the device 12 
with the finger of him or her. The devicevertical mold arcade game machinelaptop 



type device which stand it still on the surface of a table [ interface device ] or others 
in other embodimentsOr the various forms containing other devices which are used by 
one hand of wearable (worn onthe person)a hand carry typeor a user can be taken. 
[0013]The direction pad 18 may be contained on the device 12and a user is enabled 
to provide the host computer 1 4 with a directivity input. In the most general 
embodimentthe direction pad 18 is about fabricated like the cross-joint form which 
has the four extensionsa diskor the directivity position which spreads on all sides at 
intervals of 90 degrees from the central point. 

Herethe user can provide a host computer with the directivity input signal about a 
corresponding direction by pushing down one of the extensions 20. 

[0014]The one or more finger joy sticks 26 which project from the surface of the 
housing 15 may be contained in the device 12and may be operated by the user with 
one or more flexibility. For examplea user holds each grips 16a and 16b of a deviceand 
can operate the joy stick 26 with 2 flexibility using the thumb or a finger (with 
flexibility [ Or setting to some embodiments. ] of three or more). This operation may 
be a signal which is changed into the input signal with which the host computer 14 is 
providedand is provided with the direction pad 18and a different signal. A joy stick 
may be provided with the flexibility of another linearity or spin in some embodiments. 
In other embodimentsinstead of the joy stick 260r in addition to ita surface of a 
sphere may be providedone or more portions of a surface of a sphere can be 
extended here from the left-hand side of the housing 15right-hand sidethe upper 
surfaceand/or the undersurfaceas a result by a userwithin 2 rotational degrees of 
freedoma surface of a sphere may rotate by a positionand operates like a joy stick. 
Linearity or rotational degrees of freedom may be provided about a joy stick. 
[001 5]it instead of the button 24the joy stick 26and the direction pad 18 — in 
additionother control may be arranged within limits which the hand of holding the 
housing 15 reaches simply. For exampleone or more trigger buttons may be arranged 
on the undersurface of housingand may be pushed with a user's finger. Various 
positions of the device 12 may be provided with other controland it contains the hat 
switch of the dial for the throttle control in a game or a sliderfour directionsor eight 
directionsa knoba trackballa rolleror a surface of a sphere. These arbitrary control 
may be provided with tactile feedbackssuch as contact feedbackagain. 
[0016]Suitablythe housing itself contacted by the user when a user operates a device 
provides contact feedback so that it may explain to details more below. A portion with 
movable housing can also provide contact feedback. Thereforehousing can also 
provide contact feedback and contact feedback also with the another direction pad 
18 (or other control) can be provided. Other buttons or each of other control which is 
provided with tactile feedback can also provide contact feedback different from other 
control. 

[0017]The interface device 12 is combined with the host computer 14 via the bus 32 



which are some arbitrary kinds of communication mediaand is obtained. For examplea 
serial interface busa parallel interface busor wireless communication links 
(radioinfrared raysetc.) may be used. A specific example may include Universal Serial 
Bus (USB)IEEE 1394 (Firewire)RS-232or other standards. In some embodimentsit may 
be supplied supplemented with the electric power for the actuator of a device by the 
electric power transmitted through the bus 32 or other channelsor an electric power 
supply / preservation device may be formed on the device 12. 
[0018]The interface device 12 reports a control signal to the host computer Hand 
includes a circuit required in order to process the order signal from the host 
computer 14. For exampleit is possible to use a sensor (and the related circuit) and to 
perform perception and a report of operation of control of a device to a host 
computer. A device includes the circuit which receives the order signal from a host 
and outputs contact sensation with an order signal suitably again using one or more 
device actuators. Suitablythe gamepad 12 contains the actuator assembly which can 
operate so that power may be generated on the housing of the gamepad 12. This 
operation is explained more to details below with reference to drawing 2. 
[0019]The host computers 14 are other computings or electron devices which contain 
typically a video game consolea personal computera workstationor one or more host 
microprocessors suitably. One of the various home video game systemssuch as 
NintendoSegaor the Sony systemthe "set top box" of televisionor a "network 
computer" may be used. Or workstationssuch as a workstation made from the 
personal computer which is compatible with IBMpersonal computerssuch as a 
personal computer of MacintoshSUNor Silicon Graphicsmay be used. Or the host 14 
and the device 12 may be contained in an arcade game machine and the portable or 
housing in other devices with single hand-held computercomputer for vehiclesand 
****. The host computer system 14 carries out suitably the host application program 
with which a user interacts via peripheral equipment and the interface device 12. For 
examplea host application program may be video or a computer gamea medical 
simulationa science analysis programan executive systema graphical user 
interfacedrafting/CAD programor other application programs. It may be said among 
this specification that the computer 14 provides "graphical environment"and this 
graphical environment may be a graphical user interfacea gamea simulationor other 
picture environment. A computer displays a "graphical object" or a "computer 
object"and these objectslt is not physical objects so that **** [ a person skilled in 
the art ]but it is a logic software-units collection of data and/or a procedure which 
may be displayed as a picture on the display device 34 by computer 14. 
ImmersionCorporation of San Jose and California sells the suitable software driver 
which makes software interface with a tactile-sense feedback device. 
[0020]the display device 34 may be contained in the host computer 14 — a standard 
display screen (LCD.) CRTa flat paneletc. may be 3-D gogglesan image display device 
(for exampleHUD in a projector or vehicles)or other arbitrary generating picture 



devices. Typicallyhost application provides picturessuch as an acoustic-sense signal 
which should be displayed on the display device 34 and/or other feedbacks. For 
examplethe display screen 34 can display the graphical object from GUI and/or an 
application program. 

[0021 ]In other embodimentsmany of other interfaces or control devices of a kind may 
be used for this invention explained into this specification. For exampleit is possible to 
obtain profits from an inertia tactile sense so that a mousea trackballa joy stick 
handlea steering wheela knoba stylusa gripa touchpador other devices may explain 
into this specification. The hand-held device of other kinds is considerably suitable 
for using it for the invention explained nowand A hand-held remote control device or 
cellular phoneOr a hand-held electron device or a computer etc. may be used for the 
tactile feedback component explained into this specification. The feeling explained 
into this specification. [ whether for exampleit may be vertically outputted from the 
surface of a deviceand ] Or it may be outputted from other operational objects on a 
joy stick handlea trackballa stylusa gripa wheelor a deviceor may be outputted to the 
direction or range of desired. 

[0022]Control of the interface device 12 is operated by the user during an 
operationand this control shows how to update the application program (singular 
number or plurality) currently carried out to a computer. The electronic interface 
included in the housing 15 of the device 12 can combine the device 12 with the 
computer 14. The host computer 14 receives the input from an interface deviceand 
updates an application program according to this input. For examplea game expresses 
graphical environmentand a user uses the direction pad 18the joy stick 26and/or the 
button 24and controls one or more graphical objects or entities here. A host 
computer provides the device 12 with a force-feedback command and/or dataand 
may make tactile feedback output to a device. 

[0023]Drawing 2 a and drawing 2 b are the flat-surface sectional views and side views 
of Embodiment 100 of the device 12 which contain two actuators for using it for one 
embodiment of this invention for direction inertia feedbackrespectively. Although it 
may be used for arbitrary inertia interface devicesthe hand-held device of the 
embodiment of a graphic display in which a user holds the portion from which device 
housing differs by both hands is the optimaland it is obtained. This embodiment is 
described as a gamepad for the purpose of explanation. The gamepad housing 101 
indicates the gamepad contact interface device 12 operated by the userin order to 
provide a host computer system with an input. Typicallya user holds each grip 16 by 
one handand operates a device by operating the input device which is in the center 
portion of the housing 101 using a finger. 

[0024]The housing 101 contains the actuator assemblies 102 and 104 of two high- 
pitch sum oscillating drives suitably. These actuator assemblies may be carried out by 
arbitrary various methods. The optimal actuator assembly provides the inertial mass 
which can carry out high-pitch sum vibrationand enables effective and very 



controllable inertia feeling at inertial mass including the power of the spring of 
centering. In one embodimentthe actuator assembly explained into this specification 
with reference to drawing 2 - drawing 8 may be used. In other embodimentsthe 
actuator assemblies 102 and 104It may be an actuator assembly of a high-pitch sum 
oscillating driveand this actuator assembly provides the rotary motor (or other 
actuators) combined with the bend which vibrates inertial mass almost 
linearlytherefore provides contact feedback. Inertial mass may be the motor itself. An 
actuator carries out high-pitch sum vibration with periodic control signalssuch as a 
sine wavelike the actuator explained into this specificationfor exampleand is 
controlled. Inertial mass may be vibrated by arbitrary directions. For exampleas shown 
by the arrow 106one direction [ **** ] is a top and the bottom. In other 
embodimentsthe actuator of other kindssuch as a speech coil (coil which is moving) 
actuatormay be used. In the embodiment of further othersrotational inertia masssuch 
as eccentric mass provided on the axis of a rotary motormay be used so that it may 
explain below. 

[0025]The actuator assemblies 102 and 104 of a high-pitch sum oscillating drive are 
suitably arranged in the state where the greatest spatial position gap permitted by a 
device is in between. For examplein the embodiment of a gamepadthe assemblies 102 
and 104 may be arranged in the hand grip 16 in which gamepads differ. Therebyit 
enables a user to perceive the power of directivity more simply. The actuator 
assemblies 102 and 104 have the same related characteristicssuch as a size of an 
actuatorstiffness of a springinertial massand attenuation (when provided)suitably 
again. It enables balancing of a direction for it to become possible in each end of a 
device that an inertia force is almost the same by thisand to become more effective. 
Other embodiments may contain the interval and/or size from which an actuator 
assembly differs. 

[0026] Drawing 3 is a functional diagram (functional diagram) showing the control 
method of this invention for using it for Embodiment 100 of two actuators explained 
with reference to drawing 2 a - drawing 2 b. 

This control method provides the direction contact feedback which may be spatially 
arranged by the user in the position between two actuator assemblies. 
The graph 130 of time versus the current of drawing 3 a shows the initial control 
waveform 132and this initial control waveform 132 provides the fundamental 
oscillation which should be outputted by the actuator of a deviceand it has desired 
frequencytemporal durationand amplitude. A waveform is a driver function which 
makes both a positive direction and a negative direction carry out high-pitch sum 
vibration of the mass in accordance with an axisand is made to drive. This waveform 
may be adjusted with various parameters so that ****. For exampleas shown in the 
graph 1 34 of drawing 3 bin order to provide the waveform 1 38 which has the 
amplitude adjusted to the desired level in that the temporal duration of vibration 
differsthe envelope (envelope) 136 may be applied. In other applicationsit is not 



necessary to apply an envelope. 

[0027]When the control waveform 1 38 is outputted to an actuator assembly (or the 
control signal which carries out the control waveform 1 38 is outputted)each actuator 
assembly is provided with a fundamental wave form and an isomorphism-like 
waveformbut. The current which amplitude is adjusted and was ordered as a result is 
divided between the two actuator assemblies 102 and 104. In order to provide 
vibration or other inertia-force feelings which have a direction which a user does not 
detectthe current of a quantity equal to both actuator assemblies is providedand 
vibration of equal amplitude is outputted from each actuator. Howeverwhen it has a 
direction inertia feeling is perceived to bemuch current is provided rather than the 
actuator of another sidenamelyone actuator outputs the inertia force of amplitude 
with one bigger actuator than the actuator of another side. The graphs 140 and 142 
show the control waveform which was obtained from the waveform of the graph 1 34 
and which was transmitted to the actuator assemblies 102 and 105. These graphs 
show the situation where the direction of the "left" is detected by the user. The 
waveform 144 of the graph 140 is 70% of amplitude of the ordered 100% amplitude. 
It is transmitted to the left actuator 104 on the left-hand side of a device. 
The waveform 146 of the graph 142 has 30% of command amplitude (current of the 
remaining quantity)and is transmitted to the actuator 102 on the right-hand side of a 
device. When the right is outputtedthe actuator 102 in the right-hand side of a device 
is provided with the current (big amplitude) of much quantity. A user detects a 
stronger vibration to one side of a device as directivity vibration. 
[0028]The directivity of contact sensation is useful to many applicationssuch as a 
gameand is acquired to them. For examplewhen the car of the user in a game collides 
with a left-hand side barrierthe left actuator outputs a stronger vibration and the 
direction of this collision can be shown. A left vibration may be outputted when the 
character of a player has left-hand side knocked. 

[0029]By division of the amplitude between two actuatorsa user detects the inertia 
feeling of an output in the position between somewhere in two actuator assemblies. 
He perceives that the power produced as the result near the actuator assembly is 
outputtedso that a certain one power of a user is strong. For example drawing 4 shows 
the figure of the gamepad 100 in which the actuator assemblies 102 and 104 are 
shown. The axis 152 shows the possible near position which may detect the inertia 
force which a user produces as a result. The left actuator assembly 104 from the 
waveform command of drawing 3 Qutputting bigger power (70%) than the right actuator 
assembly 102 (30%)a user is the near position 150 of the housing 101 which is 
causedapproaches with the left actuator and is arranged in proportion to big 
amplitudeand perceives that an inertia force is outputted. Since inertia feeling is 
ordered by the same fundamental wave formtherefore it is synchronously outputted 
on the same frequencythis is effective. Division of amplitude may be changed by the 
method of arbitrary requests which output a sensing direction in [ arbitrary ] that the 



axis 152 is met. 

[0030]One method of ordering a direction in this way is specifying "balance" 
parameter. For examplethe host computer can provide the local processor on the 
device 12 with the command of a high level. The command of this high level may 
contain frequencyamplitudean envelope attack (envelope attack)a fade parameterand 
parameterssuch as a balance parameter. A balance parameter may be specified as a 
number of a certain within the limitsfor example. For examplethe range of 0-90 may 
be used in order to simulate the power direction of a vector. The value of 45 shows 
the exact balance during the output of an actuator assemblyandas a resultan inertia 
force is sensed equivalent on both sides of a device. The amplitude of left-hand side 
power shows a larger thingand 45 or less value has it to the value 0. [ same ] It is 
shown that 1 00% of command current controls the left actuatorand this value 0 does 
not have an output of a right actuator. The value 90 is controlled so that a right 
actuator has a perfect output and the left actuator does not have an output. Or a 
rate may be specified and applied to default actuator assembliessuch as the left 
actuator. For example65% of command amplitude should be applied to the left 
actuatorand the value 65 shows that the remaining 35% of the amplitude of a 
command is applied to a right actuator. The local processor can perform scaling of 
two output control signals by command balanceand can provide the suitable adjust 
signal for each actuator assemblies 102 and 104. 

[0031 ]Or the host computer can instruct a balance function directly transmitting an 
adjustment control signal to each actuator directlyor by directing directly to transmit 
the control signal transmitted by the host to each actuator to a local processor. 
[0032]Both actuator assemblies of the important function of Embodiment 100 are a 
synchronization and still in phase suitably. Although both actuators are controlled 
using a single waveformwave-like amplitude is changed in order to show the feeling in 
which a direction or balance collapsed in an inertia force. Thereforeexcept that a 
certain one mass accelerates early moreand moves more distance from the original 
position of mass and the big power from the actuator assembly is outputted as a 
resultthe mass of each actuator assembly harmonizes and vibrates. Therebysince 
single feeling is created by arrangement of spaceit enables a user to more often 
perceive directivity. In other embodimentsalthough the actuator is asynchronous and 
being obtainedthere is a tendency for the directivity with which a force sense is 
provided to decrease more by this. 

[0033]Another actuator may be contained in other embodiments. For examplein order 
to make amplitude vibration increaseleft-hand side may be provided with two 
actuatorsand right-hand side may be provided with two actuators. Or in order to 
provide contact feedback with another directionin a frontanother actuator may be 
arranged at the position of backthe upper partor the lower part. Suitablyeach actuator 
receives the same waveform at a rate of a request of available electric powerand 
attains directivity. For examplewhen three actuator assemblies are provided with 



triangular compositionthe position which detects the inertia-force feeling produced as 
a result is arranged at somewhere between all three actuator assembliesand adds the 
2nd size to the position of power effectively. This position may be adjusted by 
adjusting the amplitude of the current to each actuator assembly appropriately. 
[0034]The effect of anotherimportant direction which may be attained by Embodiment 
100 is a "eradication" of an inertia force. Such an eradication changes the balance of 
the current between actuator assemblies continuouslyandas a resultmoves the 
perception position of an inertia force to the right smoothly from the left or the left 
from the right in the embodiment of two actuators (in or other directions which are 
carried out). For examplea local processor may be ordered to change a balance 
parameter from 0 (using the above-mentioned custom) to 90 continuously and 
uniformly over specific temporal duration with the eradication command of a high level. 
An early eradication or a later eradication may be ordered by changing temporal 
duration. Subsequentlyif a local processor is changed to the rate of the command 
current which each actuator assembly receives between eradicationsthe inertia force 
which is started on the left-hand side of a deviceand a user meets aboutand moves 
to the axis 152 to right-hand side oneand is ended by a right actuator will be 
perceived. Therebywhen the car of the user in a game collides on the right-hand 
sidean inertia oscillation may be swept away from right-hand side in for examplel to 2 
seconds at high speed to left-hand sidefor examplein order to transmit the direction 
of this collision. In the embodiment containing three or more actuator assembliesthe 
position of power may be swept away by two sizes by dividing current so that a 
perception position may move the course of the request between all the actuators. 
[0035]Other control facilities are added to the balance control between the left 
actuator assembly and the right actuator assemblyand may include use of the phase 
shift between the left actuator assembly and the right actuator assembly (to or the 
substitute). For examplethe phase shift of 90 degrees between the control waveforms 
transmitted to each actuator (thereforebetween vibration of inertial mass) can give a 
user the impression from which frequency doubled with the mutual beating effect 
(alternating beating effect) (left-right). In high frequencythis can make the force 
sense of higher amplitude possible rather than perceived. Although the position gap 
with big inertial mass accompanying low frequency has still arisenit is because the 
result detected by the user is higher frequency. Resonance frequency is useful and is 
obtained. For examplewhen the resonance frequency of an actuator assembly is about 
40 Hzby performing two actuator assemblies (the same kind) by which the phase shift 
was carried out in the phase only 90 degreesthe amplitude of a strong peak is 
produced at 40 Hzand anotherstrong peak is produced at 80 Hz. 
[0036]Although small phase shiftssuch as 5 to 10 etc. degreesare sensed for a user 
like main frequency (masterfrequency)in order that a user may receive the impression 
that each impulse of power lasts long moreeach pulse is sensed strong only a few. 
The bigger phase shift than thosesuch as 10 to 30 etc. degreescan give a user the 



interesting feeling of a "stutter step" (namelypop [ with rapid power in each cycle of 
vibration / pop ] (pop-pop)). A phase may be transmitted to a device as a parameter 
of a command of a high level again. 

[0037]Finallythe big phase shift of 180 degrees may give contact sensation in a very 
interesting thing for a user. While the inertial mass of a certain actuator moves 
upwards and reaches the limit of movementit is because other inertial mass of other 
actuators moves downward and reaches a lower limit, thereby — a gamepad or other 
interface devices — a center may be about burdened with torque (the gamepad whole 
[ for example] is the feeling on the axis 152 which is revolving around the central 
point about). In a certain cycletorque is a certain hand of cutin the following cyclethe 
hand of cut of torque becomes reversetherefore mutual torque is provided. This 
feeling may be sensed more intense for a user from the case where it moves in the 
state where inertial mass is in phase. In another embodimentthe normalized square 
wave (for exampleprovided only in the one directionssuch as a positive direction) is 
orderedand inertial mass may be moved only in the one direction from the original 
position. Subsequentlythe phase shift of this waveform may be carried out in a phase 
only 180 degrees between two actuator assemblies. Therebythe beating torque of the 
clockwise rotation which the direction of torque never cuts and replaces may be 
caused. Or when a waveform is normalized by the negative directioncounter clockwise 
beating torque is caused. 

[0038]In another embodimentthe inertia feeling of the left-right from the actuator 
assemblies 102 and 104 can cooperate with the stereo (left-right) sound outputted by 
the host computerfor example. For examplean airplane can fly in the voice-graphic 
display top on the user in a game or a host computertelevisionor other devicesand 
the sound of this airplane begins from a left loudspeakeris moved and outputted to a 
right loudspeakerand expresses a position sound effect. The force sense outputted by 
the actuator assembly of the left and the right cooperatesharmonizes with a 
soundstarts an output from the left-hand side of an interface deviceand can move to 
right-hand side. A force sense may synchronize with the picture as which the view 
from a pan ******** cameraetc. are displayed again. In some embodimentsthe 
amplitude of a force sense can be related to a loudness level and mutualfor example. 
A host computer orders a force sense and may make it synchronize with the sound or 
image which the host is also controlling. 

[0039]Above-mentioned all and its example of change of an exposure effect combine 
by various methodsin order to attain a desired effect. Thereforevarious exposure 
effects are possible by using the control system of the actuator assembly of this 
invention. 

[0040]Drawing 5 a and drawing 5 b are the flat-surface sectional views and side views 
of another Embodiment 200 of the device 12 which contain two actuators used for 
another embodiment of this invention for direction inertia feedbackrespectively. The 
gamepad housing 201 contains the two actuator assemblies 202 and 204. In the 



above-mentioned embodimentan actuator assembly contains the inertial mass which 
harmonizes linearly and may be vibrated. In this embodiment shown in drawing 5 a and 
drawing 5 bthe actuator assemblies 202 and 204 contain rotational inertia massThe 
eccentric rotation mass (ERM) 206 is combined with the axis of rotation of the 
actuator 208 in the assembly 202 in the right grip 16band the eccentric rotation mass 
(ERM) 210 is combined with the axis of rotation of the actuator 212 in the assembly 
204 in the left grip 16a. the actuator 208 is combined in the housing 201 in the grip 
1 6a strictly (or — corresponding). 

the actuator 212 is combined in the housing 201 in the grip 16b strictly (or — 
corresponding). 

The eccentric mass 206 and 210 may be a wedge shapea cylindrical shapeor other 
forms. If it rotatesmass will vibrate the housing 201 in order that eccentric inertial 
mass may move within the limits of the operation. 

[0041 ]The actuator assemblies 202 and 204 of a high-pitch sum oscillating drive are 
suitably arranged in the state where the greatest spatial position gap permitted by a 
device is in between. For examplein the embodiment of a gamepadthe assemblies 202 
and 204 may be arranged in the hand grip 16a in which gamepads differand 16b. 
Therebyit enables a user to perceive the power of directivity more simply. In other 
embodimentsalthough the assemblies 202 and 204 may be arranged in the field of 
everything but housingthey are suitably detached by remarkable air clearance also in 
this case (for exampleopposite hand of housing). The actuator assemblies 202 and 
204Each related characteristic (the size of an actuatorinertial massand attenuation 
(when provided)) is the sameand it obtainsand makes it possible to perceive an inertia 
force about similarly in each end of a deviceand it is made possible that a sense of 
direction is effective. In other embodimentsthe actuator assembly which has a 
different size or other characteristics may be used. 

[0042](Control of the contact sensation by a one-way ERM motor) The inertial 
rotation actuator assembly shown in drawing 5 a - drawing 5 b may output vibration 
and a shock to the user of the interface device 12if inertial mass rotates, in these 
methodsthe periodic frequency and amplitude of the tactile-sense effect may change 
separatelyand may be displayed on the actuator of a one-way drive of the single 
flexibility of an ERM actuator (howevernot limited to this) etc. 
[0043]Many standard gamepad oscillating tactual devices rotate ERM on the 
amplitude and frequency which were fixedand these two are combined strongly. For 
examplevibration of high frequency is high amplitude inevitably. 
Vibration of low frequency is low amplitude inevitably. 

The method of control which was explained in order to use it for the embodiment of 
drawing 5 a - drawing 5 band was explained for the above-mentioned use does not 
have to enable separate change of the amplitude of the rotation actuator of a one- 
way drive of 1 flexibility (DOF)and frequencynamelyan expensive bidirectional current 
driver does not need to be used for it. It is because it is necessary to drive ERM only 



to one hand of cut. This art is important in order for ERM to make it possible to 
create complicated vibrationsuch as an attenuation sine wave or a piled~up waveform. 
ERM of the conventional device had the amplitude combined with the speed about 
linearly. Only these control methods (for examplethe firmware of a local 
microprocessor or other controllers of the device 12 carry out) are used for this 
inventionwithout using an excessive clutcha circuitor a machine partThe range of the 
frequency of arbitrary amplitude can be performed using an ERM motor. The control 
method explained into this specification should care about that it may be applied to 
rotation of not only a rotary motor but other kindsor linear 1D0F actuator (for 
examplea magnet motora solenoida voice coil actuatoretc. which move are included). 
[0044]In this control methoda frequency commandan amplitude commandand a 
function (namelya sine wavea square wavea chopping sea) may be supplied to 
firmware as a parameter or an input. The existing Immersion/DirectX protocol used 
for the next with personal computerssuch as PCis performedand vibration is 
controlled by the parameter (and if it is a request another parameter) of the kind of 
amplitudefrequencyand function here. The equivalent of these parameters may be 
supplied by other embodiments. 

[0045]An example is shown in the graph 250 which shows the relation of the time 
shown in drawing 6 versus amplitude. The sine wave 252 of the frequency of 5 Hz and 
50% amplitude is shown as vibration of the request which should be outputted by a 
device (this figure and all the same following figures acquire the input and output 
signal for 1 second). This control method determines where each wave-like cycle 
starts (or should it start?)and only specific temporal duration is higher in the control 
signal 254 per cycleor it raises "one" level. Other time of the control signal 254 is in 
"OFF" or a low state. "One" level makes a motor work and makes the single hand of 
cut rotate ERM206 or 210. Thereforea periodic control signal has the frequency based 
on desired (command) frequency. The perception of vibration which has specific 
frequency is transmitted to a user by using the control signal 254 and making an 
actuator ripple once per cycle. A control signal may go up to a high level like a graphic 
display at the beginning of a cycleor may go up to a high level at other time in a cycle. 
[0046]The amplitude of a periodic effect is drawn by adjusting the duty cycle of a 
control signal (for exampletemporal duration in each cycle of the control signal 254 
("on time for every cycle")). Although the control signal 254 is either one or OFFthe 
time for every cycle whose control signal continues being one is determined by an 
amplitude command or the parameter. In drawing 6 the sine wave which has 50% of 
possible amplitude is requested. By this inventionthis requested amplitude generates 
the control signal 254 turned on between 15 ms every 250 ms. For comparisonthe 
waveform of amplitude is shown in drawing 7 100% which has the same frequencyand 
the graph 254 and the same graph 260 are shown. Since the frequency command is 
not changingthe control signal 264 is turned on at the same interval as the above- 
mentioned control signal 254. Howevera user is impressed with time for the control 



signal 264 to keep [ one ] been being twiceand it being twice the amplitude of 
vibration of this. Time for an actuator to accelerate also becomes longso that time for 
a control signal to be one is long. Since in the case of this invention ERM reaches 
bigger angular velocity and power is proportional to the square of angular velocitybig 
power is detected by a user's hand. It is only 1 time (rotational beginning) that it 
never permits that mass stops rotationbut it is necessary to conquer static friction 
suitably as a result. If a control signal continues being one too much for a long timea 
gyrating mass will carry out multiple-times circulationandeventuallywill reach the 
frequency of nature (resonance). At this timea user detects not the ordered 
frequency but the natural frequency of a system. 

[0047]Thereforeby this inventiondirectly depending on a frequency commandit is 
length one [ what ] of two control signals of an as by what frequency one control 
signal is turned onor (on time of a control signal) it is related to an amplitude 
command. An on time determination of a control signal may be attained by a different 
method. Two different methods are shown among this specification. On time one may 
be adjusted [ 1 st ] as "a rate of a cycle." If frequency increases when a control signal 
is turned on only the time of the rate that each cycle was fixedon time one for every 
cycle will decrease. A control signal is turned on more frequently. It is mentioned that 
only the time as each second when it is concerned with frequencythere is nothing as 
the end productand a control signal is the same is turned on. If frequency increases 
this artfixed power is applied to an actuator and the size perceived over the range of 
frequency provides the advantage of it being the same and continuing. 
[0048]this "cycle about ordering a desired vibration — comparatively — " — the 
problem of the art to depend is not functioning well on comparatively low frequency in 
many embodiments. In low frequency (for examplesetting to some embodiments 
frequency lower than 2 Hz)too large power is applied to an actuator at once. For 
examplewhen all the power obtained from for 1 second is applied to the beginning of a 
cycle in 125 continuous msa rotation actuator between on time one of thisWhile the 
control signal has been highit circulates several timesand as a resultthe oscillating 
(pulse) output during these 125 ms is detected by the user not as command 
frequency but as frequency of the revolving speed of an actuator. Thereforethe 
vibration output by a device cannot respond to command (low) frequency. 
[0049]The 2nd method of this invention can avoid this problem in low 
frequencytherefore it can provide a suitable method rather than outputting vibration 
about many ERM oscillating tactual devices. The 2nd method sets up a control signal 
highly not about the rate of a cycle but about the maximum time to which it was fixed 
for every cycle. Thereforeon time one of the 100% amplitude about arbitrary 
frequency is the same. On time one of command amplitude lower than 100% becomes 
lower in proportion to the quantity of command amplitude lower than 100%. It prevents 
that an actuator is one so long that it is established effectively and maximum on time 
one for every cycle circulates through multiple times between [ 1 time of ] continuous 



on time one by this. When it is permitted that an actuator circulates through multiple 
times (for examplesetting to some embodiments about 2 to 3 times or more)a user 
detects [ rather than ] high frequency not based on command frequency (for 
examplefrequency which may exist lower than 10 Hz) but based on the revolving 
speed of an actuator. This method prevents this result. In some embodimentsthe 
request of the 1 00% amplitude in the lower frequency about a specific motorAbout a 
single cyclewhen more than one pulseit may be identified with on time one which 
rotates mass from the number of times of circulation which a user is made to detect 
by the meresomewhat small number of times (for exampletwo to 3 circulation etc.). 
On time one of this may be determined experimentally. The fault of the 2nd art is that 
on time one it is separated from approaches moreand it is requested that an actuator 
is final actually one for a long time than one cyclewhen frequency increases. At this 
timeare always ASOTO a control signalmass rotates constantlyand frequency and 
amplitude do not change separately any longer. 

[0050]Since two art which maps a size in the on-time of a control signal is suitable to 
a different portion of the frequency rangesa suitable embodiment combines two artor 
unites itand avoids the fault of an all directions method. In the method of a suitable 
combinationthe second method is used only when it is below fusion threshold 
frequency with ordered specific frequencyand a primary method may be used to the 
ordered frequency above this threshold frequency. Fusion is possible even when the 
size of a control signal changes. In the first placea fusion threshold is chosen based 
on the kinetics of a system. Fusion frequency is frequency whose on-time is the 
longest. Thereforethe fusion frequency which provides one vibration pulse (for 
example2 mass rotations) to each period of the on-time corresponding to 100% of size 
of this frequency should be chosen. For examplewhen the combination of the above 
big motor/mass is usedit is possible to use 10 Hz as fusion threshold frequency. The 
on-time of a control signal is calculated to the ordered frequency above 10 Hz using 
the first method ("ratio of a period")and the second method ("fixed time for every 
period") can be used to the ordered frequency below 10 Hz. Other thresholds may be 
used in other embodiments, in order to unite two methodsthe greatest size of two 
methods is in agreement on fusion threshold frequency — a scaler is chosen like 
(that isthe shift between methods is smooth). For exampleat 10 Hzvibration of 100% of 
size may be generated by 10 Hz as the on-time of a control signal is 25 ms. When the 
ordered frequency approaches fusion frequency from the numerical value below 10 
Hzscaling is carried outand the scaler used is held and is applied to this method of 
receiving the frequency above 10 Hz so that the method of "the ratio of a period" 
may generate the on-time for 25 ms at 10 Hz. more advanced fusion artsuch as 
combination of near low pass/highpass of either one of the mimicry belt (mimic band) 
path filter of a fusion field or fusion threshold frequencymay be used corresponding to 
a desired effect. 

[0051 ]The option which enables instructions of a size unrelated to frequency is 



changing the amplitude of the control signal 254 in proportion to the requested size 
rather than having only two levels to a control signal. This may be performed 
independently or may be performed with both the first above-mentioned methodand 
the second both [ either or ]. For examplethe waveform of other kinds which have 
change amplitude can be used as control signals (a sine wavea chopping seaetc). One 
efficient method of setting up or changing the amplitude of a control signal is 
providing Pulse Density Modulation (PWM) between the on-times chosen as control 
signals which were mentioned aboveor changing a control signal duty cycle between 
on-times using other predetermined methods. HoweverPWM obtains a separate PWM 
module with necessityandtherebythe cost of a device may increase it. In order to 
avoid PWMan above-mentioned primary method and the second method can be 
performed by bit banging (bit-banging). In bit banginga local microprocessor outputs a 
direct control signal to an actuatorwithout using a PWM module. The size of a control 
signal must have been controlled directly by bit bangingthe requirements for a PWM 
module are eliminatedand the cost of a processor or an interface device decreases 
potentially by it. 

[0052]As it is in the embodiment of drawing 5 a - drawing 5 bit is possible to use 
simultaneously the above-mentioned art of changing the size and frequency of 
vibration independentlyon two or more actuators. The feature of the further invention 
about this control technique is explained below. 

[0053](The control signal for power efficiency should put together) The size and 
frequency of output vibration which became independent mutually are controlled using 
an above-mentioned control signal. It is possible to use this control method to two or 
more actuatorssuch as the actuator assemblies 202 and 204. For exampleeach is able 
to operate simultaneously in both assemblies 202 and 204 using an exclusive control 
signal. 

[0054]One problem of operating two or more actuator assemblies simultaneously is 
required in order for remarkable electric energy to make an actuator drive. In some 
embodimentswhen there is little available electric poweruse of two or more actuator 
assemblies may be restricted. For examplethe interface device 12 does not have a 
peculiar exclusive power supplyWhen an electric power supply is carried out from the 
host computer 14 via communications channelssuch as USB (the electric power of 
quantity with which this was also restricted is provided)in order to operate an 
actuator assemblyavailable electric energy is restricted considerably. Or in the case 
of the interface device 12 which has only a radio link to a host computerthe cell (or 
electric power storing device of other cellular phones) which has the limited electric 
power is used within an interface deviceand an actuator is driven. If two or more 
actuator assemblies are simultaneously used when it is many with such power 
restrictionsthe feeling of the tactile sense (haptic) which is not so strong will be 
outputted. 

[0055]It becomes possible to operate simultaneously with the available electric 



energy of this invention which had two actuator assemblies restricted on the other 
hand by law. Drawing 8 a and drawing 8 b are the graphs 270 and 272 which show the 
control signal which rotates ERM as mentioned above and controls a size and 
frequency independently. The graph 270 shows the control signal 274 given to one 
actuator assembly (for exampleassembly 202)and the graph 272 shows the control 
signal 276 given to another actuator assembly (for exampleassembly 204). The control 
signals 274 and 276 have the same frequency and the periods T1 and T2. The control 
signal 274 has an on-timewhen a signal is HIGHwhen a signal is LOWit has an off- 
timeand it is shown that a duty cycle is about 40%. During ON of the control signal 
274since a motor rotates using most most [ available all or ]a large vibration is 
provided. Howeverthe control signal 276 is still OFF during ON of the control signal 
274. In case the control signal 274 is OFFwhen it isthe control signal 276 is set to 
ONand the signal 276 is come by off before the control signal 274 returns to ON. 
Thereforea phase is shifted from the signal 274 and the control signal 276 never does 
not have that a control signal is simultaneously set to ON by this. It is not necessary 
to become possible to use all the available electric power for arbitrary time to be to 
one actuatorand to divide available electric power between the two actuator 
assemblies 202 and 204 by this. 

[0056]Or it is also possible only for a few to delay the control signal 276 after the 
control signal 274. In order that ERM may start rotation from a pause (or other 
states)much electric power is neededbut in order to maintain rotationwhen much 
electric power must have been neededthis is useful and is obtained. For examplethe 
current which added rotation current required for another ERM to start current 
required for one ERM when start current required for both ERM was larger than 
available electric energylt enables the second ERM to startimmediately after it may 
be in available electric energytherefore the first ERM begins and rotates. In some 
embodimentsif combination of a control signal is lessenedvibration which a user 
senses will become more effective. It is because a possibility vibration produced from 
each actuator assembly as a result comes to arise synchronously moreand "weakens 
each other (wash out)" is low. 

[0057]The frequency and the duty cycle (on-time width which shifted) of the control 
signals 274 and 276 are changedand the size of various vibration which was 
mentioned above about drawing 6 and drawing 7 can be generated. When it changes in 
this waya control signal is suitably maintained by the same frequency and duty cycle. 
Vibration of non-directivity is generated for userssuch as an output equally generated 
[ thereby for example ] from the both sides of housing to the whole housing. 
[0058]The control signal used by a method which was mentioned above about drawing 
6_and drawing 7 does not have a larger duty cycle than 50% suitably. In many 
embodimentsit is because the actuator assembly comes to operate by this on not 
frequency but the natural frequency which were ordered. For examplea user senses 
not the ordered frequency but the frequency of ERM rotated continuously. 



Thereforethis method is effectiveit obtainsand since combination is possibleelectric 
power is assigned and the strongest possible vibration can be provided with the 
limited electric energy. Thereforeit becomes possible to control independently the 
size and frequency of vibration which are outputted by two actuators in a power 
efficiency method by the method of this combination. 

[0059] Drawing 9 a and drawing 9 b are the graphs 280 and 282 about the control 
signal which has different frequency and/or duplication which show the electric power 
quota method of this invention. The graph 280 shows the control signal 284 which has 
specific frequency and the period Hand the graph 282 shows the control signal 286 
which has specific frequency and the period T2. The signal of an on-time overlaps 
only the quantity (it usually differs for every period) of the time A. Duplication cannot 
be avoided when it is the frequency and/or the duty cycle from which the 
predetermined environment which needs a larger duty cycle than 50%or a control 
signal differs. For exampleit orders so that vibration may be outputted to the one 
actuator assembly 202 on a certain frequencyor it orders so that vibration may be 
outputted to other actuator assemblies 204 on different frequencyand the feeling of 
the specific tactile sense which a user senses can be attained. 
[0060]In order to make it possible to use the restricted electric energy in such a 
situation by this inventiona control signal is suitably made OFF and ON on a 
predetermined duty cycle and frequency between the duplication time A. 
Therebywhen both actuators are operatingit becomes possible to become possible to 
decrease the average power consumption to each actuatortherefore to use available 
electric energy efficiently. For exampleas shown in drawing 9 cthe control signal 284 
is made into pulse form in a specific duty cycle and a higher cycle during the 
duplication time period Aandtherebyit becomes possible to decrease the requirements 
for electric power of the control signal 284 between this duplication. This is PWM type 
control substantially. Therebythe size of the vibration output of an actuator 
decreases (a user does not understand this slightly). On the other handthe control 
signal 286 is also made into pulse form between overlap periods on a specific (the 
dotted line 288 shows drawing 9 b like) duty cycle and frequency. Thereforeavailable 
electric power is shared between two actuator assembliesthe output by each actuator 
decreasesand it comes in available electric energy. It exaggerates lower than the 
actual frequency which can use the frequency which the control signal between 
duplications illustratesand a drawing shows. 

[0061 ]A control signal can determine the duty cycle and/or frequency which are 
made into pulse form between overlap periods from the feature (for examplean 
actuatorERMthe feature of an amplifier) of the interface device 12 of operation. The 
predetermined level which makes it possible to operate both actuators within electric 
energy between duplications. It is possible to choose a duty cycle so that the 
requirements for electric power of a control signal may be decreased (for the sizes of 
effective duplication to be [ for example] 75% of total sizes when a control signal is 



still ON continuously). Usuallyduring an overlap periodit is not necessary to adjust a 
control signal so that a pulse may not be simultaneously set to ON. Since this 
originates in the comparatively high frequency of a control signaleven if both control 
signals are HIGH(s)because the component in drive circuitssuch as a 
capacitormaintains predetermined power levelit becomes possible to fully charge. In 
other embodimentsthe control signal during an overlap period can be adjustedand if 
possiblewhenever time takes the placeit can turn ONso that a control signal may not 
be simultaneously set to ON. The frequency of the control signal during an overlap 
period is chosen based on other energy storing components which maintain the 
capability of a drive circuit and the desired power level which have a capacitor. 
[0062]In some embodimentsthe duty cycle of the control signal during an overlap 
period can be adjusted based on the frequency or the period T of two control signals, 
for examplethe more the periods T1 and 12 of a control signal become shortthe more 
electric power required the more frequency becomes highnamely — in order to 
operate an actuator the more usually increases. When it has either or a period when 
both control signals are shortthe duty cycle of the control signal between duplications 
decreasesand less electric power may be consumed (that isthe effective size during 
an overlap period becomes small). In some embodimentswhen the period T1 or T2 is 
very longsince ERM obtains quantity of motion in between in the second half of an 
on-timeits required electric power may decrease more. This may be taken into 
consideration when determining the duty cycle of the control signal during an overlap 
period. High frequency oscillation is outputted by other actuatorsand dependsand the 
duty cycle to the control signal of high frequency may be made to increase by 
vibration of low frequencyin some embodimentsso that there may be no ** "to 
weaken." 

[0063]A control signal may have a different duty cycle and/or frequency during an 
overlap period based on each feature of an actuator assemblyrespectively. In some 
embodimentsonly one control signal is made into pulse form between overlap periods. 
[0064]The local processor (refer to drawing 1 1 ) can control how a phase shift 
controls a signal and/or a control signal is made [ how ] into pulse form between 
overlap periods. For examplein the embodiment of another on-time of drawing 5 a and 
drawing 5 ba microprocessor can be monitored when a control signal is 
transmittedand when other control signals are OFFit cannot transmit only one control 
signal. 

[0065]It is possible to use for other embodiments which have an actuator of other 
kinds which may be controlled in the above-mentioned power efficiency control 
method using other signals which have a similar control signal or an on-time. 
[0066](Sense of direction using a rotational inertia actuator assembly) It is possible to 
control the size and frequency of output vibration which became independent 
mutually in the device with which electric power was restricted using the above- 
mentioned control method. It is also possible to use this control method with the 



method of outputting the feeling of an above-mentioned direction inertia tactile sense. 
[0067] Drawing 10 a drawing 10 b drawing 10 cand drawing 10 d are the graphs 
310312314and 31 6respectivelyand show the control signal in the control method of 
this invention used by the embodiment of two actuators explained about drawing 5a- 
drawing 5 b. This control signal provides direction contact (tactile) feedback (in this 
casecontact feedback as which a space position may be perceived by the user who is 
in the position between two actuators). The graphs 310 and 312 are similar to the 
signal of drawing 8 a and drawing 8 band show the control signals 318 and 320 which 
produce a size and frequency of a predetermined vibration which are determined by 
the method of drawing 6 and drawing 7 . In a requesta control signal can be adjusted 
using other parameterssuch as a period and an envelope. 

[0068]After determining a desired parametera control signal is changed further and 
the directivity or the "balance" explained below is provided. In the graph 314 of 
drawing 10 cthe control signal 322 decreases in the case of an on-timeand the first 
actuator assembly is provided with smaller average current. On the other handin the 
graph 316 of drawing 10 donly the quantity as the quantity in which the control signal 
322 decreased on the occasion of an on-time with the same control signal 324 
increasesand the second actuator assembly is provided with bigger average current. 
Thereforethe first actuator assembly is further provided with electric energyand 
electric power only with little electric energy by which the second actuator was 
further supplied to the first actuator is provided. For examplesince the control signal 
324 has a bigger duty cycle (for exampleduty cycle which increased only 25%)an 
actuator is provided with more electric power and a stronger vibration is outputted. 
Since the control signal 322 has a duty cycle only with a corresponding low quantity 
(25%)the size of vibration outputted from this actuator becomes lower. 
Therebybetween two actuator assembliesall the 100% of the ordered sizes differand it 
is distributed. 

[0069]Thereforescaling of the size of vibration is carried out by dividing the size 
ordered between the two actuator assemblies 202 and 204. Since a user provides 
vibration or other inertia-force feelings which do not detect a directionas for both 
actuator assembliesas equal electric energy (average current) is provided and it is in 
drawing 10 a - drawing 10 b by thisvibration of an equal size is outputted from each 
actuator. Howeverwhen inertia feeling detects a directionthe on-time of a control 
signal is adjusted. That isone actuator is provided with more average current than 
another sideand the inertia force of a bigger size than the inertia force outputted by 
another actuator is outputted by this actuator. When the control signal 324 is given to 
the actuator assembly 204 on the left of the gamepad device 200since a left vibration 
is largera user detects the direction of the left. When the direction of the right is 
outputtedthe actuator 202 on the right-hand side of a device is provided with more 
amounts of average current. A user detects a strong vibration by one device side as 
directivity vibration. For examplewhen a user's vehicles collide with a left barrier in a 



gamea left actuator outputs a stronger vibration and the direction of this collision can 
be shown. 

[0070]According to division of the ordered size between two actuatorsa user acquires 
output inertia feeling in one between two actuator assemblies of positions. The more 
one power is strongthe more a user senses that the actuator assembly which outputs 
the power of a result is nearer. This is the same as that of the position shown in 
above-mentioned drawing 4 . Thusthe one method of ordering it a direction is 
specifying "balance" parameter which was mentioned above or making a host order 
an actuator assembly directly. It is possible for Embodiment 200 similar to above- 
mentioned Embodiment 100 to be also able to realize the further actuatorto use 
Embodiment 200and to order and output the sweep effect. 
[0071] Drawing 1 1 is a block diagram showing one embodiment of a tactile-sense 
feedback system suitable for use by this invention. 

[0072]The host computer 14 contains the host microprocessor 400the clock 402the 
display screen 26and the voice response device 404 suitably. A host computer also 
contains components of other common knowledgesuch as random access memory 
(RAM)read-only memory (ROM)and input/output (I/O) electronics (not shown). The 
display screen 26 displays the picture of game environmentthe application of an 
operating systema simulationetc.and the voice response devices 404such as a 
loudspeakerprovide a user with voice response. The peripheral equipment of other 
kindssuch as a storage deviceprinters (a hard disk driveCD ROM drivea floppy (R) disk 
driveetc.)other input devicesand an output devicemay also be combined with the host 
processor 400. 

[0073]The interface devices 12such as a mouse and a gamepadare combined with the 
host computer system 14 by the bi-directional bus 20. A bi-directional bus transmits 
a signal in the direction of either between the host computer system 1 4 and an 
interface device. The buses 20 may be serial interface busessuch as other protocols 
of the common knowledge to RS232 serial interfaceRS-422Universal Serial Bus 
(USB)MIDIor a person skilled in the artmay be parallel busesor may be radio links. 
Some interfaces can also supply electric power to the actuator of the device 12. 
[0074]The device 12 may contain the local microprocessor 410. If neededthe local 
microprocessor 410 is formed in the housing of the device 12and efficient 
communication with the other components of a mouse can be enabled. It is thought 
that the processor 410 is local for the device 12. In this specificationa "local" points 
out the processor 410 in which all the processors in the host computer system 14 are 
divided microprocessors. A "local" points out the tactile feedback of the device 
12and the processor 410 only for sensor I/O suitably. The microprocessor 410 may 
be provided with the software directions which wait for the instructions or the 
request from the computer host 14decodes instructions or a requestand processes / 
controls an input signal and an output signal by instructions or a request. The 
processor 410 can operate independently from the host computer 14 by calculating 



suitable power from the directions which read the sensor signal and were chosen in 
accordance with these sensor signalsa time signaland host instructions and which 
were stored or relayed. The microprocessor 410 may include the function of one 
microprocessor chiptwo or more processorscommon processor chipsand/or a digital 
signal processor (DSP). 

[0075]The microprocessor 410 receives a signal from the sensor (singular number or 
plurality) 412and can provide the actuator assembly 54 with a signal with the 
directions provided by the host computer 14 via the bus 20. For examplein the 
embodiment of local controlthe host computer 14 provides the microprocessor 410 
with surveillance instructions of a high level via the bus 20and the microprocessor 
410 decodes instructionsand by instructions of a high level. And the force control 
loop of the low to the sensor and actuator which became independent of the host 
computer 14 is managed. This operation is indicated in detail by U.S. Pat. No. 5734373. 
In a host control loopit is directed that a force command is outputted to the 
microprocessor 410 from a host computerand makes the power or the sense of force 
which has the feature specified as the microprocessor output. The local 
microprocessor 410 reports the data of the position data etc. which indicate the 
position of a mouse with one or more given flexibility to a host computer. Data can 
indicate the state of the button 24the d-pad 20etc. A host computer updates the 
program executed using data. In a local control loopthe actuator assembly 434 is 
provided with an actuator signal from the microprocessor 410and the microprocessor 
410 is provided with a sensor signal from the sensor 412 and other input devices 418. 
In this specificationa term "feeling of a tactile sense" or "the feeling of contact" 
points out one power or a series of power which are outputted by the actuator 
assembly which provides a user with feeling. The microprocessor 410 processes the 
inputted sensor signal and can determine a suitable output actuator signal with the 
following stored directions. When a microprocessor determines locally the power 
which should be outputted on an user objecta sensor signal is used for itor it can 
report the position data obtained from the sensor signal to a host computer. 
[0076]In the embodiment of further othersother easier hardwares are locally provided 
in the device 12and a function similar to the microprocessor 410 can be provided. For 
exampleusing the hardware state machine incorporating the fixed logicthe actuator 
assembly 434 is provided with a signala sensor signal is received from the sensor 
412and a contact signal may be outputted by a predetermined orderalgorithmor 
process. The art of realizing logic by the function of the request in hardware is 
common knowledge by a person skilled in the art. 

[0077]In a different embodiment by which host control was carried outthe host 
computer 14 can provide the force command of a low via the bus 20. These force 
commands are directly transmitted to the actuator assembly 434 via the 
microprocessor 410 or other circuit parts (for exampleit is easier). Thereforethe host 
computer 14 controls directly and processes all the signals to the device 12and all 



the signals from the device 12. 

[0078]In the embodiment of easy host controlthe signal from a host to a device may 
be one bit which shows whether an actuator is made into pulse form in predetermined 
frequency and size. In a more complicated embodimentthe signal from a host may 
include the size which provides predetermined pulse amplitudeand/or the direction 
which provides both a size and feeling to a pulse. In a more complicated 
embodimenteasy instructions are received from the host who shows the power value 
of the request given over many hours using a local processorit ranks second and a 
microprocessor may be outputted based on one instructions. In a more complicated 
embodimentinstructions of the high level provided with the feeling parameter of 
contact may be independently told to the local processor on the device which can 
give the precancer from a host's intervention. It is possible to use the combination of 
these methods to the one device 12. 

[0079]Suitablyit is combined with the microprocessor 410 in the mouse 12and the 
local memories 422such as RAM and/or ROMstore the directions for microprocessor 
410and store other temporary data. For exampleit is possible to store power 
profilessuch as a look-up table etc. of the stored power value of a series which may 
be outputted by the microprocessoror the power value which should be outputted 
based on the current position of an user objectin the memory 422. The local clock 
424 is combined with the microprocessor 410and timing data similar to the system 
clock of the host computer 12 can be provided. Timing data is required in order 
tocalculate the power (for examplethe power depending on the calculated speed or 
the element depending on other time) outputted by the actuator assembly 434 for 
exampleand it is obtained. In the embodiment using a USB communication 
interfacethe timing data for microprocessor 410 may be taken out from a USB signal 
by turns. 

[0080]The sensor 412 detects the position of a device and/or one or more MANIPYU 
randomor controlor movementor provides the microprocessor 410 (or host 14) with a 
signal including the information showing a position or movement. Including a digital 
optical encoderan optical sensor systema linearity optical encodera potentiometera 
photosensora velocity sensoran acceleration sensorand strain meterthe sensor of 
other kinds may also be used andas for a suitable sensor to detect operationeither a 
relative sensor or an absolute sensor may be provided. A sensor signal can be 
changed into the signal which may be understood by the microprocessor 410 and/or 
the host computer system 14 at a person skilled in the art using the photosensor 
interface 414 so that it may be common knowledge. 
[0081 ]The actuator assembly 434 answers the signal received from the 
microprocessor 410 and/or the host computer 14and transmits power to the housing 
of the above devices 12. The actuator assembly 434 can generate an inertia force by 
moving inertial massfor example. The actuator of other kindssuch as an actuator 
which makes a member drive to the housing which generates the feeling of 



contactcan also be used. 

[0082]The signal from the microprocessor 410 is changed into a suitable signal for the 
actuator interface 416 as connection between the actuator assembly 434 and the 
microprocessor 410 if neededand the actuator assembly 434 may be made to drive. 
The interface 416 may contain a power amplifiera switcha digital/analog converter 
(DAC)an analog-to-digital controller (ADC)and other components. When other input 
devices 418 are formed in the device 12 and it is operated by the useran input signal 
is transmitted to the microprocessor 410 or the host 14. Such an input device 
contains the button 24the d-pad 20etc.and may include the further buttona diala 
switcha scroll wheelother controlor a mechanism. 

[0083]The power supply 420 is established if needed in the device 12 combined with 
the actuator interface 416 and/or the actuator assembly 434and an actuator is 
provided with electric power or it can provide as a separate component. Or electric 
power is lengthened from a power supply which is different in the device 12or can be 
received via the bus 20. The received electric power is usedwhen required in order to 
be stored and adjusted and to make the actuator assembly 434 drive with the device 
12or it may be used by an additional method. Some embodiments guarantee that the 
power of a peak may be given using the electric power storing device in a device (it is 
indicated to U.S. Pat. No. 5929607 like). Or this art may be used within wireless 
devices. In this casea contact actuator may be driven using a battery power source. It 
becomes possible to form the safety switch 432 and for a user to stop the actuator 
assembly 434 from the reasons of safe if needed. 

[0084]Although this invention was explained from a viewpoint of some suitable 
embodimentsit is thought that changethe substitutionand the equivalent of this 
invention become clear to a person skilled in the art when a specification is read and 
a drawing is examined. For exampleit is possible to output the feeling of the contact 
written in this specification using the embodiment from which many of tactile-sense 
feedback devices differ including a joy sticka steering wheela gamepadand remote 
control. A specific term is used in order to describe clearlyand in order to limit this 
inventionit is not used. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1]Drawing 1 is a perspective diagram of a gamepad tactile-sense feedback 
system suitable for using it for this invention. 

[Drawing 2 a] Drawing 2 a is a flat-surface sectional view of the embodiment of the 
tactile-sense interface device containing two actuators for providing direction inertia 
feedback. 

[Drawing 2 b] Drawing 2 b is a side view of the embodiment of the tactile-sense 



interface device containing two actuators for providing direction inertia feedback. 
[Drawing 3]Drawing 3 is a functional diagram showing the control method of this 
invention for using it for the embodiment of two actuatorsdrawing 2 a - drawing 2 b. 
[Drawing 4]Drawing 4 is a graphic display with an interface device and the possible 
near position a user may perceive a synthetic inertia force to be. 
[Drawing 5 a] Drawing 5 a is a flat-surface sectional view showing another 
embodiment of the tactile-sense interface device containing two actuators and 
rotational inertia mass. 

[Drawing 5 b] Drawing 5 b is a side view showing another embodiment of the antenna 
interface device containing two actuators and rotational inertia mass. 
[Drawing 6]Drawing 6 is a graph which shows the relation of time versus amplitude 
with the control signal for providing a desired sinusoidal vibration and its vibration. 
[Drawing 7]Drawing 7 is a graph which shows another example of the relation of time 
versus amplitude with the control vibration for providing a desired sinusoidal vibration 
and its vibration. 

[Drawing 8]Drawing 8 a and 8b are graphs which show the control signal for rotating 
mass by two different actuator assembliesand controlling amplitude and frequency 
separately. 

[Drawing 9]Drawing 9 aand 9b and 9c are graphs which show the electric power quota 
method of this invention about the control signal which has different frequency 
and/or overlap. 

[Drawing 10]Drawing 10 a and 10b10cand 1 0d are graphs which show the control 
signal of the control method of this invention for providing direction tactile feedback. 
[Drawing 11]Drawing 11 is a block diagram showing one embodiment of a tactile- 
sense feedback system suitable for using it for this invention. 
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V CD 3 ^CD£<7>7 7 7 a x— ? 7-tr > 7 U ftT 

R/ f 5 >*/ *5 * - * I*. l^HcR7 7 7 a x- 7 7-fe 
y^UB©a*Wll*«MLT» R777aX-77* 

r*. nswi2 8(cia«©3K*. 

[M*H3 0] tijl3779 1 aX-77H2>7 l ;li ; ?-n 

If 2 5 (CIBKO -f V 7 - 7 1 - 7 7=7 ^ 7o 

S3E*JW«*B-'3©*'J»«l*lc»|iJ 

[M5RJS3 2] BijfB77^ax-77-t>7yi* ; etl 
>7-7i-7xV^7„ 

[M*S3 3] 7J(R]fct!S£7'r-K/\'7 7^ -T>7- 
7 x -7.7/ W 7 1 JtflsT 5a-+f IcfflWr ^5. 7J;£ T$ 
oT, R-r>7-7i-77/W7(**7 havti- 

7t®fflu mi5 : ,m, 

R-f V7 -7 1 -7 7/ ^ XOBHtf^lc»-3^TRii- 

«a-WWSttlc*Mrr >7 -7 1 -77; w 
7©;\7-777±lC7 3 lRl1Stt^^tiJ73-r5XSTSo 
T, R7JI^1ftt^l*'^<<!: ; t=^<75777ax-7 
7-b>7'JlcJ:-pT5gtl!rtl. R777nx-77-tr> 
7 1 JO^*i^niitSttMfi^-7J(R)lciH]$£*^ R77 
? a X- ^ 7-tr y 7 U ttR/ \ 7 -7> 7"F«3 icfw S>^46 * ft 
TBWl&«tt***»£*-ttv |iJWl^(iR775 1 ax 
-77-b>7Uro^ft^ft(cS^^7a-7-f+>-<7;l/ 



(4) 



# m 2 0 0 3 - 1 9 9 9 7 4 



IB 7 7 ^ a i — Jz 7 -tr 7 7 U <D => % CO £ <D 7 7 =f- a x - 

7. 7* >7 u Ktt 4* nT£<7)^fR]^^-r *!i«£*i« 

U RH&Ht %CO^lE tlttZ * 1*127 ^fil-^ 
7 -t 7 7 U CO o % CO £ CO 7 7 9 a X — S» 7 -t 7 7 U I C ft 
5*ftT£crj£ft£#T3^«£Jftt-f^ lf#JI3 3 

[§i*J!3 5] HufB*XK=]7tfa-7fr6^I?ft 

l^HC|£77^ai-77^77'yF E gcDtij7jflgi!l 
©A^^ttliJLT. 1277^1-77*77'^© 
ttlC;{}oTHufB^fRl1I14^^F/fii<7)teS^ffi«t-^^ 
li*^3 3lciBig©£;£o 
[li*II 3 6 ] HUlBii b^/KDfg^rli. MfBIStt^^ 

com suss <fc ^ s fcjisrr § i§ £ tf* $ s © 
cr>vmm^t\mifm^. w*H3 3 icibk©/^ 

[fi*H 3 8 ] huI3*iJ WmcD => "5 ©-^te, Rftltt 
imft^mz 0 N K;* LT&6&1^ 3 (CtuiBt 5-^ 
©*iJ»ffll*i:ffl*^t>*ti*, 11*313 7 tclBfB©7? 

[mats 3 9 ] Buiasy mmco 5 -5 ©-o # 15 tBt, 5 
-fitommm^t o n -p***^ a$jflMre 

77 U ©3 *;©'>& < t t--D<o^ntsW:^»^S 

[000 1] («H0>ttft) **IBW\ ffiJLT, AF^tf 
a y \* j. - 7 -7 x 5 1 A <h -f 7 7 7 1 -f x -r 3 £ t £ pltl 

1- +WP V t a— > i/XxL.lC A7D£*I«-f 2> C £ * 
qJtgtcU fro, p7fc°a-77XxAtfa-+fu:M£ 
7-f — K/W7 (haptic feedback) ? 
H#t -T 5 c <h £ rJI&e "T £ =1 v tf a — sr 4 y 7 y i < x 

[0 0 0 2] IL— Wi, □Vtfa-^±T«IBfi<fcTJ^ 



r- h LI, 5SiSffi*5<felJ : ^mXfcf-***iJffl LT« 
lJi<t:tf^<D7-f- K/^-y^€a— y(ca«r *. ^ 
> t° a - £ |* % f > 7 x 7v t / U 7.±izmf 6 tlT 

*««U d©-tr>+Ki. =l>tfa-^lCF/T#ffl^iS 

fir*o ^<o^co^>^7i-rx7 : '/wxicfc^T. 

iI»^7D7<- (kinesthetic 
force feedback) $/c(*Jfi)Ml7-f- Km" 
•y? (tactile feedback) («ty-*S 

hit**) tfic«et£tia„ cnecofi^icD 

■fV^7H'X7 : 'yKXIt <>^7i>rX7/WX® 

CD7 ^7 ? a I- ^ U . >\+>Vy 9% fctttWt#S(ClS# 
SiJWziVtfa-^v/XxMCjg^nTL^o □ 
yti->->X7Ali. MWf^$fdi^=&7^^a 

VfflSftffltftic, ^ ^ne<!:1jg[5lLTtli7D^» 

[0 0 0 3] £«Di&=lXhCDlim7/UZtt. «1tW 
ICgitiLTf* (inertia I ly-ground 
ed) »U7-f-K/<-yf*a«U C©»!»7-r-K 

Ki«iett7-f-K/W*J:y*i. HttMMl::^LT7]^ 

nm&GTzxz-yy*-****** z<Dz\?-yy 

Z1V r -P-5(7)/\7v ; V'?'lC7J^^aj7D"r*= l-^O 

li^T 7 X©n 7 -7" > -7"(*. «J«P * *lfc * - V ; b t fficD 17" 
5 7 -r 7 -7 x 7 h i: ©fflSf^ffl K & o T»fr * ft 

cfte©/\7 -777^^(54* c t icj: y a— ytc 

cfcoTMSQ*ft*o 

[0004] c©«fc5a«ia»Mie3vhP— 5oio 

tfifJIfi* ftTt^ d <hT-**„ «*<D#lRH«tW-£«»:tfSi 

KP-5tt. @l5HsCD-lSW^*[p)'\cr;aj7]/\°;U7fc 
«tt«HBLfi««?*ft^. ^T, ftmcDtt 
^CD73(Rl^ttl73? ftT^fel^ <fc 3 (CO.— f (C^D?ft* 
Jb\ x / W Xcrj/ \ 7 -7 7 t mic Jti 73 * ft T ^ * «fc 
5lc*Ml*ft4. L6^U y-Afe<trJ : fficD=17tfa- 

^tc<k^THSfitrft*g!*t33^5*<0'r^v hiiTb- 

(^)^-7T* y » HT±©1f li^T 1 '/ L»* 
^ftWt©*|pJttlc «fc oTfiJtt*»*. 



(5) 



ftffl 1 0 0 3 - 1 9 9 9 7 4 



[0 0 0 5] (SIHOSB) *»l£tt» »JE7-f- K/< 
W XMctj |pH54J£ 7 * - Krt •> 
7 (directional haptic feed 
back) *«0W-*CfcK:iftttStlT^*. £©£3 

[0 0 0 6] .fcyPMOtEtt. *»B©'I'V*7H'X7 J 
/t-TXtt, *|pittlJt7-f- K/<y^*i— VlcllfltU 
£©-1'V$7i'fX7M-fXtt:> 

afliLT^*. £©7/^x1*, 3.-mz&-z>Twm.m 

©'jH&^fcl -3©-fev+r£:£^t? 0 '>&<i:t2^ 
777nX-77-feV7y^ ^tii'ti. »»LT^« 
«1tJ«*3*» #lR)1Jltt*tt (d i r e c t i o n a 
I inertial sensation) £/\77 

-CiMfWWftiO? 7 7 a I - 7 7 -b > 7 U tE 
*ft*Jl«TJltt*tU 1— «flC«fc-aT«»*tl**lRl 

/ \ 7 -7 y 9 n © * © © 7 7 7 =l i - 7 7 -fe V 7 1 J © 

[0 0 0 7] a>tfi-: $?)b s 6if U^U©fl»**g« 
U fro, 777:ix-77-t!>7U£$iJffli-t3P-7J 
/i/7PHi'j/+hb^**ii#*o T 7 

f 2i-$7-b>7'J M©ttlc$ 3 *|Pi1«1tatJlt©fc46 

*3*f§*„ 7"7?iLX-^7 7 -t>7Uli> «1£JMt« 
S-£»*o M&flreii* 2 0©#J$p{I^lE#iiJ;*tif#, 

tt» #fc«tt*M©tfi7J£RraBfcra. 
[0 0 0 8] *«B©K)©JgffilEfcl/>T» <V*7i'f 
X7M'-TXjb\ ^[RjS4S£7'f- KMy**i— 

9 , X**«aj-r*/-c»Ofl:< 1 0©-teV*£ 
££tr 0 2 0©777nX-77-fey7y 

ttll?tfc. 7^fii-*7t>7 l JB. /\7-7> 

t^keh* tir. mimsm&i \ 7 -7 > w& i *e 
-if(c«fcoT«»i**i**ia«tt«j«fi«a«*ti«. «i 

fir*liM©*J«Hl*tf &fl J© 7 7 fn--5t7t 



tf»LTBIi:6U:^L*t\l:3tc*V*-U-ZSti 
tf7a-7^+M7/l>T/'0UX£4;L54rc\ 777n 

©*»»» *i^«tt«ji£ODUi^j*Rnmtc-r*o 

[0009] ©spjactic. {SaXr-©77 

7 al-ji«Wt4«M7 <f - K/ W 7 ©fc*©*lR] 

c n (DiesoMiae 7/ w x k as w- 5 * y &s$tt&ig 

jfc*5II6lEU y-A?i&5eaL ffi©«31© 

□ v tra. — > 77y -7— > a > <t fisfBar a 

-1flc£?T<l:UMfc&h«t>©TS«C&*RW(;:r 

[0 0 10] *8E©CftS©*J£fcJ:im©jflJj£tts 
TE©*aW©»«*BI*» ^<^©Hiii«:«fe<a* 

[0011] (»®SHSg^f8©P!|fflSBi^) B 1 (is 
M^7^-K/^y77XxA1 O©^10T$y. C© 
«4^7'<-KM , -y7->77 l ^1 Otis *»U3fc:fly8T« 
C t icig LTfc 'J . 3.— «f(C * 3 77 WX©j*meg-3 
^mhavta-* A7J «« (W 5 C t ft RTfiS? 

©a— ytc»Jlt7 < - K/ « v 7 £}f WIT 3 C <h flSRlffir 
a53o 7X7A1 Oli, ?-kJiv K-r>77i-rx7 
M'fXI 2fcJ;rj7h7 havtfa— 5« 1 4*d<5^-A 
/\°yK7X7lKl 0i:LT, 
[0 0 12] Kt/W7 1 2«» #»5SCa 

> hP— 7©FKiCT'«y, trT*^-^3VV-lU->^ 
7A©/c46tCllT±*iJffl5J^#< 0)f-Ul\»j K©mfc 
±tf***(C«ftfr*. -077x^X7/^71 0© 
/\77>71 5«s yUy^SBBl 6a£J:ri1 6 b 
icfetNT 7/ U X 2 -3©#*fB*lciRS-r 3 * 5 
tcfiBJ&*tiTi/>*. HS©*SWK»Jciit''T. =l— V 
it. «*/-c«tt*©»H:J:-3Tx 7/KX1 2±©g>* 
©»lc77-trx-T3o ffi©*«6ff^lcfc^T. 
7 1 -< x7/ wxtt. *±*fctt«i©«iB±ic»±r * 

7/KXx *8tS7-'T— K^-A«k 777h77lf 
«fc(i,fffla (worn on the pe 
r s o n) s tL<tta— IfOWTffliJ 

ti*ffls©7/ Ettts&mzfflMW&WL y tt 

So 

[0 0 13] TflRl/'f-yKl 86^7/^X1 2±lC^Stl 



(6) 



WM2 0 0 3-1 99 9 74 



T, 7JlR)M°yK1 81*. 4"3<immtotttZ+>&& 
tKlif-fX^ +i£>jS* 4 5 9 0«<0IHI1? 

*7 hPVfcf a— St(c«(KLfl«. 
[0 0 14] M7-7V71 5©«iBfr6S5ffir*1-3« 

1 6a$J;yi 6b*S*s «SSfctt»*ttHLT2 

*-\£fflMr*u 7jlR)/\°y K1 8lcJ:oTatt*ft*« 

>7"1 5 £fj. ±BU tJ«fetf/$rcttTiS*»6 

tfiMLfis *©*S«U 3«ffitt, a— »ftc«J:oT2lHHSa 
S«fcTffij£©<M?0eS v>' a 'TX^-f y 7 t 

[00 15] tf'7>24. v/a-f7T'f'^26, fc<fc 
fflJOffJO^ /\75>V?1 5£Sfc#<D®*KJl<Sggl 

tffltcjftBS*i», y-^rt©XD-> NW«M>fca&© 
^7/l/Sft(iX7-f^- 43Sft*/ttt8*i«a©y\'y 
KX-fy^ /7\ r-5y7#-;k □-5$fctti*E 

/ 1 y 7 « £®Mft 7 - k/ w * *« «* tin a . 
[0016] :L-tftfT/t-ra*JtfW*PW= 

a— •flc*oT«tt*ti«/\'5yvyi#W:, KMC 

8 (Sfctt. fSOSJW) fcSU0«tt7-r-K7W7«f 
« L?#£ 0 «Jt7 -f - K/ Sy 7 «KR* > 
S/-cB«JO{SiJ»a)*ti?n j £»«fc. f6©*J»i:tt»JO« 

[0 0 17] -0*7i'T7s7 :, MY7s1 2tt, ffit<Dl> 



XhaVt:i-*14K(ttSft*. S/'JT'ib 

7. (USB) . IEEE 1 3 94 (F i r ew i r 
e) . RS-2 3 2. Sfcttfl&©Sitt*S*1f t"< 
OfrOl0t»ttlCfi^T» UX077 * a 1-7 © 
tdsbomtM., /\"7 3 2fcL<tiffl3©T^*;l/£>ILT 

fctt» l«/(S#7/S^Xtf7/WX1 2±(e«tt 

[0 0 18] -0^7x^X^^7x12^ *7h=l 
>fcfa-*1 4fc*!Mffl»*«£U *XhP>t?a- 
7 1 4frSfl>*^**^T*fcate£f®ftlHli&££ 
fc. fiUJltf. -tVt (fcilfs ^HSglslSS) fcffifflL 

ffigfcli, *Xhfr6©^flt^*S€U fro. 10 
«±©f/U77* 9 11-: S» fc^ffl LTft*fl»lc«fc 
•?T«ftWje*UJ*r*[a]»**t. y-Ay\°y K1 2 
Us y-A/WK1 2<7)/\7v ? >^±lC7JS: 

^fiJcf § cfc 3 fcHrft Rllg* 7 7 ^ a I - 9 T M V 7 U * 
g-fc„ '<D»mtO^Tx H2«#iHLT, TE?«fc»J 

[0 0 19] jr 1 4I4» SfiilCt*. kf 

x^y-^^VV-Zk A°-V7-;Uzi>t°a-7v 7- 
77x— >3X *fctt. 1 OJ.X±4)*7h7-f7P7 
□•by ^^WSJ^ IC a fcfteO □>t°a-x-i'>7 i t>L< 
«l?r/KXT'«?.o Nintendo. Sega, 
SfcttS o n ySi<0->XxAaif©a^O*-Alf 
y-L>->7xlx(7) 1 xbbf© r-t»y h hy7/1ty7 
7J . $/ct*. r^y h7-7=l>t°a-^j aiTiWE 

mztimz* I BMii«tttfS5/\-y7 

/UziVt:°a-7 i tL<l*Ma c i n t o s hWS-Vt 
^=lVt"a-7a^/\-V^l/a>t°a-7, $7c 
li, SUNtjLOiSi I icon Graphics 
SW7-777 1 — >a >a<!:'CCi7-777 L —>a V^ffi 
fflfWISo *7h1 4fcJ:U : x/^'r71 2 

it, T-fr-vf-usk. mm*>L<&zni5j!i<D3 

a-7->ZxA1 4 1*, JBia*llfi«fctf'rv 
$7H'X7;W7 1 2*ftLT:i— 9WBSfBBT 5 
<t-ah77^-: ^a>7P7'5^^*ffi-rSo ^J^. 
If. *7h7 7 7'J'7— >a>7P7~5^«. t:x>ft>L 

»«t7p7'7/*. ifr>X7A> f57-r*;ua— y-f 
>^7i'T7., SIE1/CAD7P75A, */fcttf6©7 
7'JT— : >3>7"ny7i?*y»4. *BMfl»*s =1 
Vb°a-^1 4tt r^7-r»;U3»*j £Ji«-tS<!:S 



(7) 



#11 2 0 0 3 - 1 9 9 9 7 4 



-O^x-fX, ?-Ls ->SxU— -/a V, S/cliffe 
flMHMWPSyfi*. =i>tfx— ?(4, r^57-f* 

5K, ^gH^T^x? avtfa-* 1 4 

2Z7h3l/^>aVm V7 h 9x7 £841:7 

h7i7K7'f/U San Jose, Cal ifo 
rnia©lmmers ion Corporat io 

[0 0 2 0] ^7/^X3 41*. *XhPVfc?x — ? 
1 4fl(C^£*tf#, 4I*£*%iBiS (LCD, CRT. 7 

t*/<*/Mk£) > 3-DzT— SttiSr/W 
X (flljTlHr, 7Pvx'7$* J L<t4^i3al*]©'V:/ K7'V 

7f^7,7^) , s/twejiofaciiflidj^x/^'rT. 

?*y»*. *Xh77°y$— >aVtt, 

K«**ti*^***«*& £©■•*««**. «*. 

14, «,TnS3 4tt, GU I $5&tf/l£tzl3.T7 , )'r— 
-> 3 V 7P 9=5 /*fr 5 © 4f 5 7 -f AJk* 75? i -7 h ££ 

[00 2 1] fficaHSSflJSglcfc^T, £<©«2©*i!H© 
<(>97x<{X*1t Wmft W 7 tf , * Kltt 

•y?#-;k ya-rXf-fy^AV KJk XT7')y7 
*<f-/k /7\ X*-<5X, ^'J7 7, $ry^/to 

K, ffi©«£l©a^l5iex/WX*\ SifcWESftZV 

u ; E3>x/Kxt,L<ttSi^mK> 

©*f tM'y x & l < a > t: a - * a at\ *wbm 

+tcKW?ti*ttie7 f - K/t-y ^WfiMBISfcffifl!* ft 

*©WnfrS»IlcHia**i»*J&\ £/cl4, va-TX 
x-r 7^/\> K/k h5-y?*'-/k X^f^X, 

•>7, *-r-/k >6,L<B7 J /w^±ic**f6<Dt»tRr 

[0 0 2 2] ffflfc+» -TV^Xi'TXx/KXI 2 ©SI 
fPtta— tflCj-pTltffcSFtU E©SI»tts HJ&^ftT 
0^577U^r-i >a>7P?5A (*KSfcU*lt) « 

?7 7t- hr*»a*3vt;i-*ic5*r. t/kx 

1 2©/\9i»-7"1 5«U:S*fta«?f >*7if X 
14, x/KX1 2*a>Ka-*1 41C«#L»4. * 
XhUV^x— $M 414, -Cy^i-fXT/WXfre 
©A7D£S<IL, COA^lEJSUT^yjy-i >aV7° 



8. -73^x^7^2 6, fc£tf/$fd4*'*y2 4 

fctefflLT, i ow±©?'-57-r*Nl/:?J-7v f i? h*fc 
tti>7^f<Sa»«. *XhPVIfx~ ?t4, 
7-f - K/ty *Wfi*ff/«ftttf-**f 1 

2 lt, uxizmmy -r - K/t v 

[0 0 2 3] E]2afcJ:t«2bl4, *ft?ft, £|rM 

t"S/c46CD2 0<D7^7 c aX— ?£^t>\ 7/W712 
©SJBBI81 OOOTffiifffiHfc.fcUHBiJffiH'P**. El 

s©saBB«i4x e *©« tt-r 7 x f xx/ u xic 
aw *ti» ^ 6\ 5 s / wx/\f v > ?©sfc *as#*a 

*y»S. C©*JBB!B(*. K3I3£B«£1,T* y-A 
n> KtLTKWffti*. ?-Ui\v K/\"7-7V4M 0 
1 14, *X hPVf x— ?->XxAlCA73«-ti«-rS/c: 

7x^X7^X1 2*BBSr*. a-+f(4, a^Wtc 

5?V^1 0 1 ©+5^a5»lcS^A^7 ; /WX^ / F-r^ 

ctKcfcyx/wxfcSfFr^o 

[0 0 2 4] /X^v-'V^I 0 Hi, ffilKte, 20©B 
H?a}ll/]K5^7©7^^xI-^7-b>7y 1 0 2SS 
&T}1 0 4*^(5. Ctl5©7^^xX-' ?7-b>7U 
(4, ««©a^©*atcj:oTSIJS*ti»*. «a&7 

77 c xx-^7-t>7y(4s KnnsHiLtt^ffittm 
^a«L. fro, «ttjt«tc«f*a}*©Hfte©**« 

-fe&^icfc^T, m 2 ~ia 8 **ih lt*w«»+ 

ft©WBBI8l=fe^T» 7ffn- ?7-trv7y 1 o 
2£J:lf1 0 414, Bil«jil(lK7-f^©7^7 t aX- 

^7-t>7'yT$y#, :c77fii- ?7^>7y 

(4, «ttKS«(i(£itMn(cfilti«««SAffi(c^f 
*lT^*0*s«-4« (^/cl4, W777il-$) « 

MJ114, ?SttT'Sy?#*o ?14, * 

(4, jEK«ft df©H)HWft*iJWfll*d:»W!Bllil(l 0T*iJ 

ffl]?ti§„ mttftsi4. ix*©77[Rjicjii!)Tr^entf 

f<J^t4', TcEril 0 6lcJ:oT^tl5J:5lc, 17 
©F/fM^7D(R]l4±fcJ;0 : TT$5o ffi©HBfifl58llcfc^ 
T, mmUl\> (»»LTt^3'f/W 7Wii-5> 

lcffi©St«»»lE*JL^T. TETKWr*«fc3lCs Hfi 
t-^ ©8i±lc}f fit* ti4»&*«ft ^©iHllillttMS 

[0 0 2 5] K»Bfi»K5'r7©7**:Li-*7-fe 



(8) 



#^2003-1 99974 



>7'U 1 02^1 0 41*. ffffllCtt, =rlU7,\,Z& 

T, 1 0 2SJ:U'1 0 4B, f-UHv Kffl 

»J , a— VIE J: o T*lRlttfl!>*i «fc 'J 1B*lc«a*ti* 
CttfRTIBlCft*. 79?J.x-*7-by7'J 1 0 2fc 

JCtt y . SlS©/ \°7 V-> y aiflftK&S HiS 
pTtElcfc*. ffiKDSUBBtttt, 7-?xai-*7-fe>7 

[0 0 2 6] i§3 3 H2a~BI2b**!fflLTKW* 
n52^7^fii-5!03IIIii1 OOKteffl-t* 
rc46©*36W©*JttP*S6*mriiS6ia (fund i o 
n a I diagram) ?»'J, COMMiKU:. 2 

-3£>7'? a x— ? r-b y 7 y (orsoMmitcmt^j.- 

■9 , lE«fc^TffiBattlcS«**i{S«*lRl«»7-f-K/^y 

«I»3SJ»a»1 3 2*jjiU C©*J»»iJiP»JK1 3 2 
tt. x/WX©7'^xiX-'9lcJ:oTai73^tiS'<* 

Mfc^rs. wc»oTjE©*iatiia)*iRit 

©iS*lcJia**H!Bfiil*-&TJE»*ti:*JE»M»? 
ao^o doaJKtts a4©/\°7*-$K<fcoTrirra&<J: 
3lciHfi*tl^5. «|x(f, @3b^77 1 3 4tc^ 

;uicwB*tifefi«**-r*»JK 1 3 8*«#-r*fc© 

(C (envelope) 13 6fl«affl*tl1i 

s„ tt©7^'j^— ^avtcfeiT, simmm** 

[0 0 2 7] $iJMtfT51 3 8tf7*fil-*7tV7" 
Ulcffl^tftl* ffl*P»fl3l 3 8£Hl5rt3fti'J 

H£s S7^f2l-$7t>7 

»*tlT*i l Js ***tlfc«3lH*s 2O<07 

*fal- Sf7-bV7y 1 02fiiyi 0 4©P^T'»I'J 

©«tt**Jie*S«t-r*fc»i(c, W£<&7**:ix-* 
7-t y 1 y ic« l JfflW tiTs If LiMStl 
O^S)* ,i S7'?xai-^^6tiJ7:*tli» <I LfrU 11 
tt«Jt*«!«a*tl**|pl*^fr*Ji^ -l5(07"7=f-3. 

7 * x a x-s <7)73 # * y *s *isfi<o«tt7]*iii*i-r 

So ^77 1 4 0fc<fc0 : 1 4 21*. y7713 4«W36 
ft%m*>Mi. 7**aX-*7Mr>7'J 1 0 2fc«fc0 ; 
1 0 5l=a£ffl*hfcMMHB*iKT. CtiS©^^ 



"To 9'77 1 4 o ©$fl5 1 4 4 ti, i 0 o % 

fiflSO 7 0 %©ffi*ST*» y . Tl WZ(D&m<D&7 "7 r 
0 4K3£«;Ml*. ?^7 14 2flMBB14 
6CL *MHSS©3 0% (»y©*©*3it) x 
<WXC6*fl)7^f2i-*1 0 2 ic2£fll*tl*. 6 
£|fitftti*7!F*l*«fc» 7/WX<7)6ffllC$S7^5 1 a 

x— ?i 0 2ic^<©mos-3S fl«a 

i?n^. a— «ftt» jfrfittJifttLT* jySMIii 

[oo 2 s] mtmnoijfam*. ?-l&£<»*«» 

[0 0 2 9] 20©7^xiX-4r|H©fiH©»WtC«fc 

oT\ a-+m, 2o©77fii-^7-bV7' i ;oi:' 

Vtt« **-S«ttJiHi^»£x W7fn-^7 

J:5ic«fiir*. H4W\ 7*rax-*7H2 

y?y i o 2fc<fctfi 0 43b^*tisy-A/\°y K1 o 
ooH*sr. Ml 5 2li, a-W^<!:LTiL:s 

flMBB»WMrS» £77fji-^7t>7U 1 0 4 
tt» 677fn- Sf7-tr>^y 1 0 2 (3 0%) «fcy 

^$^73 (7 0%) ^tij^L, j.-mt, *o*y** 

Jt^J LT4E7 ^ f - a I - ^ IC J: y LTI3B 

i\wyy] o i ©fcfc.t^O'iwSi 5ot\ 

tStt736^7]^nSct5lC^D-rSo lUffiRJejr/lRlUS 
tt, Ml 5 2lC»3ff*©jS7*«l*lRl*ia73r5«fc3 

[0030] cw^y^-ps^fl^raioosa 

^KO^tts StSs S*S^7^'y-7 (env 

elope attack) SJ:ff7i-F/\'7^- 

OB&t LTW£*ti»*. 0~9 0©eH 

6\ ^-7 h;l/<D7373lR]^->5 a U- hf*/"c4&(C«ffl? 

©i^ffliJTtSllflC^DbnSo 4 5JJtT©ffittfiflJ©7lO 

iMtfiy **^ct*su ttosT-pwaiT**. c 

(Dm 0 (i, fl>*«3f{© 10 0%tf£7^fH-* 
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fflU ^Y^^J.X-'SKDiiitlt^^ct^Tnto {19 

||J£«, S7^fn- £&<!;©x7=i-/l/r-7^:ix 

5 its <^«I©6 5%tf&7^yal-5Hcaffl*ft 
ft'CSTSV. <M*©ffiM©»*J©3 5%tf67^fi 

«. ^/t7>*fc«J:oT2 0©Siifl1&iJ»fl»©*$-- 
'JV^««fTL». 4l"3, &77^aX-*7-t>7'y 
1 0 2fccfet>'1 0 4K«JJft9i»f^*JI«U§«. 
[003 1] 35SU;t, *ZK3>ta-*tt» §77 
fii-^ lcHBflJ«Pfi4£ffi*3ffl-r * C t K * U , 
Sfctt. *7 hfrSSi**lfc$iJSlM!^£&7 7 ? : ? 1 iLi 

[0032] nmrnm i o o©ss&i£tgte, m*®7 
#atci*s pfflfroiwi*i© 

«fT*4Ci:?««. ¥-©»H5*«!fllOTpiI#©7 

©7G©fMfrS«fcy*<©Ei6*»ttU *SJH£LT, 
f©7 7 * a I- 7 7-tz y 7 V fr 6 cfc y a*fi«m* 

anat *7*fai- fT-byywnmitm 

fflLTSft*-*. CtlWA ffiH©EIIfc«J:oT*- 

•aT*cfc#Rr»ctt*. ttoim&Mics^T. 7 
aicaflttrfi** fctttf * y 'J>& < ssffiiRifrss, 

[0 0 3 3] SijOT'^^aX— JifrfteOHBIi^JglC^S 

2O(07ffil- SUHMWftU* m\K2-D(DT<7 
fil-*tf«fltjnj|5. $>SWi, «j»7-f-K/« 
•v7KgiJ©£ft£ffi{«TSfcA6U:, 9J07^fH- Ji 
fr, M, ±8P, $fcW:TS©ttlltf:eil**i» 
So ffiglcti, &77*ai-7li, fiJfflRl&£&«7J<D 

ffil* Wfv 3 -0(07 ^fii-^7t>7'J Hft JB©* 

ttr*ffiHtt, 3o£T©77*iLX-$7-t'V7'y© 
H© £ C frlciag^ft, 73©ttHK» 2 © 

tciiinr*. c©to«w\ £7**ai-*7-fe>7"y 

So 

[0034] utt^aei o oic«j:oTjtja*ti»«8'jo 

ra&*lpJ©»JRtt. H147]© r-jfj 7$So £©£ 
a ft-JUlis 77fn-S!7t>7''J F^(D«-^©y 

-*©*SBfc«lc33^T. 1»tt7J©«»!ffi«*:6frS£ 



$/-di£fr6£'\i: (SfcW\ HSS*nSJ;e^ft!3©73 
IrIIe) jUSfrfclMft***. §U*tf» P-*;U7P-tz-y 
KU^;KD-»**lc«feoTs W£©#U(liSHU: 
fofcoT (±E©*«*JH.*T) OfregcsifcttW 
frotsmtc/ ^ VX/ <5 * £g{b7TtfS <fc -5 IE** 

y51^-»tf^**i»*. -»©H 

tc#7 ^fn->7tv7u tffiflrr *•*«*©*] 

tB-3T»»U fro, 67^f2i-*T»7rsiltt 

**«Mf*. ctnc*y, 0»Ja.tf, y-i*i*g©a— «f 
ipi^e^rs/cwtc, efljfrs&flj'stsjstc 

1~2»T) -H»**l»*. 3O«±077fH 

«»H&«tf£T©7 7fn-!S! ©M©nf a©8K*» 
srrs «t -5 tci^^ijrs c t ic «k y , 2 ootffcic 

[0 0 3 5] ftiJ(7)$ijeP^l*, £77fH-$7t> 

7 y ££7 7 f- j. x— * 7* y 7 y <h of^©/ ^ 

»ICJ)PK.T (*fttt» *««t>y(=) s S77fH- 
^ 7-tr V y y <h €7 ^ ^ x- ^ 7 -tr > 7 y <!: (Dm<DitL 

lc2i«*ti*»J»a»BOM (fif^T, UltMMcDjiSl© 
IR) W9 0g©fei->7KJ:> SSCtf-x-fV^JR 
(alternating beating effe 
ct) tmzs fla»»i6i«fgli:4ofcEPSl*a 

fci^T, *yK^ffiB©*«je*™ELfs*. 

sSiiLT^UT^Sfr, a— yicfcoTJBMJnaeiR 
7'JQAUIttft#»4 0 Hz?««id. 9 OS^W 

ffi*i*w*i*tifc2oo (ni;«s©) 7^f 1 iLX-^ 
7 - t > ^ y * Wr* « c t tc * y » j» ^ ❖ ©«« 

li40Hz 741;, giJ©3S^tf— 8 0 H z T£U 

So 

[0036] seic 5~i ojts^©/jx*ftttfi->7 

hi*, ±SJB%tt (masterfrequency) 
©J:3tc^— yfcBUSti*^ a-+f'fr, ^©ft-fv 
/\°;U7.frJ:yS^-5rScfcaS6P^S^S/i:«), #/t 
;l/7(i'J>L/£l«ii<^C6+lS„ ?eic, 10-3 OS 

7j crsfc-e, fi»©#^-'r^;ncfi^5*©iiis& 

#'y7*>7 (pop-pop) ) ©«i*Sl>^«a 
-+r'lc4^.»So ffiffltttifc, K UA!;U©^©y\7^ 

[0 0 3 7] ft^lC, 1 8 0lt©**«:fflffl->7 hfr. 
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*?iLX-*©ft!j©«14S**>\ Tfc»»U fro, T 
(flJxl*. f-A/t7^ft «1 5 2±©fe33 

xcny-'ftMas^T. hfrwmfrijfatemz 

mite* C 5 ft»*„ »J©*JS»»Kfi^ 

t« iB»ib*tifc (liif, iE©*iRia£:©io©*iSD 

7c©ffi«6 x 6 1 ^©*lRllcO*»lll*-tt6*if#4. ftl* 
T\ C©&JBW\ 20©7 , ? : ? 1 aX-$7 7 -fe>7y©Pia 

f (Dfifomk lt« y » s ftL^n-s y © x * > ? 

[0 0 3 8] SJflMIMBKBlCfcl/'T, *7 
-fe>7'y 1 0 2fc<fc0 ; 1 0 4fr<=>©£ - *Ol«1t«lt 

L < \,m<»TlU *±©S* - «««,T»<D±*ffltT«tf 
COfR^^cO^t*. £©*fcf-*jfr6te8:oT 
£©X LTttl*l*tlT. 

Ttt**ft5**3«tt, ttWLTs *£H»LT, -fV 
*7i^7x7K7©£flJfrbai73£liteU £flJK& 

464if©a^*ft*il«tlRlJW*ti»4o iKoftso* 

tt»»icfe^T, **itofi«tt*rc» ^©* 

mz^LT. *7 hfcSJfflLT^*S**fc«:BIW*£ 
[0 0 3 9] ±tE(D®te®m<D£T£i&Xfl:<D$Zitm 

> 7 y (Dwmttfeftt z z t iz j: y , £ffl£^©8 

[0 0 4 0] HSafiJctflSSbH:* S-flWu 7JIr)1I 
147-f — K/ty£ ©fcaic*58W©8!J©SlttfBtBl;:«/B 
**l*2'3©7**aX-**afc7 s /f'f;i1 2©»J© 
mmWM2 0 0©¥ffi«ffiia£J:lflHiEiaT**. 

K/\7i/V^2 0 1 2D(!)7ffiI-^7 
■fe>7U 2 0 2fc<fctf2 0 4*Sfc. ±K©3S«Bfc«fc 



>7V2 0 21S&Tf2 0 4tt0l0IH4f«*S*» fl& 
EISMm (ERM) 2 0 6/)^j77l6brtfl)7t 

yy <j 2 0 2foo)7"7=}-D.T.-$ 2 o 8<bmm\.z&% 

flftlsiem (ERM) 2 1 OtfS^'Jf 7"1 6 
aF*g©7"-feV7y 2 0 4 W7^fH-^ 2 1 2 ©Is] 

ewce^jn*. 7^^ix-^2 0 8ii, ^y->7 

1 6afl(0/\W>y2 0 1 tCJKftlc tt«L 
T) »&*tlTj3y» 7^f2l-$2 1 2tt, yjy 
71 6 brt©/\7-7>?'2 0 1 icmmz (Sfctt, StfS 
LT) B^JftTL^o flftfltt2 0 6JJctO*2 1 0 

*tl*£. 9tt& ^©■^©BilrtTIB'&lllttMtf 
»lft-r*fc46v /\9->"V^2 0 1 *s«rtr#*„ 
[0 04 1] SPfflJli)K7'r7©7^ ; ? 1 ax-^7-tr 
V7'y 2 0 2feJ:tf2 0 4tt» ffJllCtt. TAV7stCj: 
oTW8*ft*«*©2HWftffi«7ft#W;:fc*ttMI 

T» T-tiyyj 2 0 2fc£0 : 2 0 4tt, V-hJtv K© 
S&5/\>K^y-y7l 6a»*tf1 6b|*ltcffiS?ti 

JWc«a*n*cttfRiii[c**. fs©*jBB»BiEfi^ 

T, Z-b>7U 2 0 2fc<fcO t 2 0 4li, M7i>'>^©ffi 

%y©SP^Sgg|(cJ:-3TSi*tiTL^ /\7v>' 
V^©fi*HW) = 7^f2l-^7t>7'J 2 0 233d: 
W0 4(i, *ti^tv©Bllii#14 (7^ii-^* 
«tt»B, fcdcO^g (£H8**i*if£) ) *^ 
UTS Uff, x/KX©^ft?ft©S^K3b^T1f tt7J 
fl«*sfi«fc*Eli;«t3lc«»]*ft*ci:*RniglcU Sir] 

fcl^T, Rfl:4****/S:ttffl!©1ttt*^-r*7^^a 

[0 0 4 2] (— SlSaERMt-^lCfciftttaje©*] 
H5a~ia5blCS**l*1fttlH]e7 , ^f-al— J« 
7-b>7'ytt> flH4M*6^lH]e*ti*i:. YV*7i«f 
Xf/WX 1 2©a— tflcfi»fcJ:tfWI*U*L» 
?>o CtlS©S>Slc33^T, J§8fltt&tt)£$tllll©Jl$i$! 
33J:t>JS1i(*. g"JfflllC»bLf»s 6 x ^>s ERM7^f2 

x-' utteLs ztuzmtttits:^) ©m-ss 

Jg©-£lR] K5-f7©7 7 75 1 iix— S»lc«m3rW#5o 

[0043] ?<05fwsy-^«'y mthmnriK 

-TXtt. ll^?nfcJl*i33<fcy : JliaS!S7ERM^[s]$5* 

&R©&il(i. iB«S«lEfit^liST**. @5a~i5 
b©*JWgJBlc«fflr*fci6tclttM**i» ^, ±IB© 

fflaTttw*nrc*jw©s»tts iss^ cdof) © 
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3SK5'rM*«fflf*ieWtt«:t\ &if&6tt\ ERM 

*>* tifcara* ^©a«tftfiii*tJ3a-r « c t **imz 
/to *jseh:, m^ryf, ass, $rcu«ncasa a n 

^7P7aHZ'y+t©77'-A7i7'3:fclctx7\"'r7v1 2 
T, ERMt-^*ffifflLT«*0««©jgaS»©»H 
t-5t/£»tTa<, f6©W!©EII6*fctt«B«> 1 DO 

[0 0 4 4] CflHBW&SHEfc^T, JI3MM^, 

Hi** ftzumm crato?, ie5s», 

ft) 6\ /^*-*$/-cttA7J<!:LT77'-A7i7'K 

n-*TffiJB**l«SES© I mme r s i o n/D i r 
ectX^P HuMWrtotu CCT. fifbtt. SI. 

[0045] @6 (C^* tl*«M»iiS(0M«*^-r f 
57 2 5 0(CffKftii&ri«. JR3MK5 H zfc<fctf5 0% 
SPI©IE£ft2 5 2*\ ^/^XlCioTlH***!*^ 

*ma©s»£ LT^*ti* (c©bu fe*ififc©n* 

©H©£TW\ 1 WOAJjtSZXfititimWSZ) . C 

»5£©ft^B^7cW\ *J»fl»2 5 4*«fc»JS^*fctt 
r^-Vj U^;WC±***5. *J8P««2 5 4tts flfio 

& : E-**jSI(i*-&. ERM2 0 6*fctt2 1 0£* 

f/tM (^) ©js»»u:»-3<js*tt«*rr 
s^-r^sBcsoa^a— yiceasti*. Maura 

li. Hip© J: 3 icjiffloftlljfcft L>"C/Uc±JMf ti|»« 
)b\ 8»3rt©ft©BSrafc«l^/blc±»;!r:M§ 

[0 0 4 6] J9&Jttl3tijR©£tttis #J«Ki^©Ta-x 

Wfl*2 5 4©SJBJ8fca3W-*J«Wii3M ( rjn»i§©* 



>*-fAj ) ) o MWi*2 5 4tt*>fr*73bM!)L^ 
tlfr T*& 5 *\ SUfflHB^tf 1 * V © $ $ 7& $§©BS 

H6Kfc^T» RTIKfcWifl)5 0%**r*jEtt»tf 'J 
7i7.h**l* 0 *»WK«feoT. cOU^iXhfn 
fclMtt* 2 5 0ms SIC 15ms OH* VtCftSMV 

<i^2 5 4^^fi)6-ra 0 ttMo/ttttc. ni:jiaHK«* 
r* 1 o o%mM)mzim7icmitu ^7254 
t 5 7260 mt n«o MMI4 2 6 4 [*» 

■«WWMWHbLT^*l.*fcafc ±EOSJWt*2 5 
4<kl^i;iHBiT , *>»ca*o LfrU SJ»«^2 6 4tf 
* y © £ * ?l/**B$Mtt 2 fgT* l J ^ jSlJ©jI*Stf 2 fg 
T**«fc 5 tea— «f KSECS-H:*. IBIWIW^VT* 

*f£B£©if^ ERMttJ:y*#&ft)$JlU:iI 
Lx fcttftai*©2*fcJt0!|-r4fc4&. a-+foo#lcJ: 

y**&*j#!Rfii**i3. »aic«\ MSict0e^±A6 
*j«ffi3tfft<*v©s«TsyTa?*£. He 

[0 0 4 7] ftoT> *58WC*-3T, 1) ifiiJWl*^ 
flc^L. 2) IWIWW<6l>M«>©«« 

*ti»*. *0^!itB«^x 2-p©*a5*»tf^*n*. 

S1IC *v*<Z»B, r/uSHcoiij^j <!:LTIill*+i 

*>tcft*«*» ■JMRtfJ«inr*i:, mmrnaty* 

ic^^o MISSiLT, S»»lcBltoy«:<» ^OWf 
^<757Dtfinxb*l, Ha»©BHlCto/£oT*tt*tl* 

***(ii^uT*y«w*£t^*ijjs*jf«tr*. 

[0 0 4 8] Tima>Sto1i*QtZZ£\ZKt%Z0} 

6\ 77^ai— ?lc— @T'l)nji.5tl5, WJx.«\ 1 B> 
IHfr6»6*l«73©^Ttf, HfflO»«3lcil««fi: 1 2 

5ms-piina.5*i*J§^ zcDtyt'fktvrs, mm? 

OttJH. COI 2 5 m s ®M4>fiH) (/\°^X) ttl/jtt» 
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[0 0 4 9] *«W©JB2©*a». fi^JSaBBMcfeW- 

L»*. *2©*S6tt. HJtll©SI£?ttft<, imws© 

5o ^T, ffSCJSaWcM** 1 0 0 
4"fAttlRli;T*«. 1 0 0%«fc»JiS^*^SM«)*V 
£-r.M*, 1 0 0%&V&Vtiiiiffit£<DmfclkmLT& 

©flfStefr 3 (5 £ : ft < T 7 7 =f- n. X- 7 m V7?« 5 C <t 
£K±-t3„ 7**ax-*tf«R0©WI 
L"<o^©JtJBgM»cfiO^T» «2~3SJM±) £*t3 

i*; i oHz<t»jfi<*y 7-? 

* 0 c©3sa«, c©*s**i»ik-r3„ i^<ofr©«i 
»»cfe^T. we©*-* ten* * j: y ff^jsaawc 

felt*! 0 0%ifffl©y7l*hW\ Jg-JDSEKfULT 

-fi*tf«fe»J«fiU 7^fn-^tfi»(i, HI® 

*U SMttHJUHKEIlEU JBSHSiS.fctfJItttt'bW:* 
[0 0 5 0] *$**#J»fl»©0N$rYAtC7yfc:v 

$rr*=o©««tt, flaidGH©35©Jifc*a5#i;: 

fte*£*>tt©*5Sfcis^Ts «=©*»(*, *B^**i 

rcsaR^^ii^Hiisaa j: y t?s*»£©* 

ffll^Stu £-©£;£(*> C©HfiiH3SttJ:y±©»^ 

(*0 N 5r-T AtfiIT'$5SM?$5. ItctfiT. 
c©Ji»»©i oo%©**£lc**ffi-r*ON*-fA© 
fcJBIHHcttLT— o<DjSS)/\°yU7 2HM[h] 

±a©«J:?fc**a : E-*/H*©ffl*£fc-e* 
ffll^fcJtS, 10Hz «H$Hfit9»tt£: LTffll^C 
£tf Riirps*. iohzJ: y±©»*tftifcJia«H= 
WLT» *-©£» ( r«BIIBOik*J ) *ffll*T*l*Hl 
^©ON*fZv&tt*U 1 0Hz«tyT©*B**nfc 



-r3o*s6*im^-r*ictt. -■?©£;£© 

tZ>« m*.li. 1 OHzT*iJ»fl|*OON^'fAjS 5 2 5 
msT'Sit 1 0 H z T 1 0 0 %©***©«!&#£ 

»a*ft»*. *s**ti/tJBa»fl« i o h z tt y t©mi 

fr5BSS»Rl::«3fi*-*lISs rjwiw<0tt*j ©£;£ 
1*1 0HzT'25ms©ON7'f ^cfc -5 tCX 

yvyartu jui^eti***- 5i*«j#*tu 10 
s©»*k*si;t» mxif. m&wmowRB (m i m 

i c band) /tt74WU*Sfctt»£H«B»tt© 

£\ «fcyKSft»^«n!WB^Sft»*. 
[00 5 1 ] ffla»tttMHfifi©***©*S^*RlffilE 
r ^SU<^73>*«. WJWflWfctt LT IOC l/"W©*« 

SJMI§2 5 4©fiS*«k*-ar*CtTSB*. Ctitt 

/i/xasn (pwm) *a«Ln:y» sfcttBf!t©ffi© 

tfrZWt&tZZin&Z. LfrL, PWM(*giJfll© 

p w m =e -j 3. -lu&amtfc c tuc <fc y u n 

Xh/WttnLH*. PWM*3*»t**ft»lc» ±i£© 
*-©3WS6J:tflI-©3K6*, tT-y h/\>*>^ (b 
i t - b a n g i n g) tC«fcoTSSffU#5o tf'V hM* 
n-tiiwvOutuMvWi.. pw 

M^E 5? a -i U£ffl L^lCT 7 ^ ^ a X- * KB&itiJWl^ 

l«**u 7n -t y ^^fctt-f V * - 7 x -X tJ W 7© 

[0 0 5 2] H5 a~E]5 bWHSSJfiSllCS^cfcotC, 
«^a©775 1 ai-'?±lC[slBf^ffl^^i:i* ,; nrtg 

[0 0 5 3] («A»*ffl©M«HI9©ti»d43«) ± 
a©*J««l^*ffli.^T, +15ic34i: Lrctti^Jitt©** 
**5«ttfH«tt**JWf *. C©*J8P*S6*. 7^fi 
l-^7t>7'J 2 0 2fc c feU : 2 0 4^i:a)^ac07 7 7 
^ j. x— $r tc« LTfflt^* C i rJIBT**. ffJ Al*'s 

^ti ; e'nti^ffl$iJWf^=&fflt^7-try7y 2 0 2fcj; 



(13) 



SH2003-1 99974 



Xf2 0 4<Dffil5*®mcimT2>Ztftpi&T:'&Z„ 

[0054] mmo7<7 : ?3.JL-$7-ty7 , )zmmc 

tDT 7 ? ? a x— * 7-tr > JiJ cDffiffl MB* « 
-f^-7i-^7/^X1 2*\ 

a**r**\ usb (cnt,PB6tifc«o«*«ii«-r 

*IM^*-a:*fti6lc*iJfflRlfl6aa**l46^*J*iJ|iB*ti 
*m5'TV*-7i-X7 : /^X1 2©i§£* PS6 

x-**B»T*. E©«fc5«73SiJHtfS*£<©» 

settle (hapt i c) <Qisfe^m 

[0 0 5 5] *aWO-*aic«fc-3T. -•pcDZO^a 

x— ? 7-tr > y 'j &&imtir&\m *j&Kntim?mm 

±a©±5lCERM*lH]6*-B-Ts ***fc«fctfJB»R 
*SSfflcWWf **JWi**Sr^57 2 7 0fc<fctf2 
7 2TS5. ^572 7 01*, -0©7 7 ^5 1 ilX-^Z 
•feV^'J TMzV?',! 2 0 2) lCW4**lfcftl 

WI^2 7 4*SU 757 2 7 2tt i td-7jcT)7?x 
II- $*7-fe>7U 7-fe>7U2 0 4) left 

4*ftfcl6l»fi*2 7 6«otT. *JlWi*2 7 
2 7 6ti, igi;jg-»»46mcWHT1£J:t/T2*« 
f*. *iJWB#2 7 4tt, flretfH I GH^ifSON* 
-CAfcSU fi^#LOWc7)if£OFF*f A£ffU 

xa-r*?>r*jMi»4 0%TS*c£tfss*i*. 
*y«Ki*2 7 4#oN«)n, fUfflRiiKkiTjor^T* 

SIMfllflttFtl*. L#U »JiSHi^2 7 4tfON<Tj 

wmmm 1 6i*o f f©**t?»*. nwi42 

7 4 O F F <0ii-&©J6SB#jST*JfflKi^ 2 7 6$ ON 
left »J » MftHie 2 7 4 O N KKSfflfcflW- 2 7 61* 
OFF [Cft3 0 Lfctf oT, M«Hi* 2 7 6 ttflre 2 7 
4^6tt«tf5/7h*n, CftlCfcoT, »ff^tf|W) 
B#KONU:ft£>££tf3{LTftlA, CftlCfc-sT, ffit 

x-^lc^LTffll^di^RJtgtcfty, fUfflRTsgftS 
I9fl)7*fai-: *7*-fcV7'J 20 2i204 

[0 0 5 6] »|»fl»2 7 6*. M«HI«2 

7 4<D»(C'J>L7i:ttilStf*C£fcmE?**. C*l 

sfc#ic<fcy£<<am^£#g£-f36\ 0g£*t*rf 



Sfci&lcW;* < (DWt>*&mt U# ft ^i§£lC*ffflT£ 
y»*. «3Ltf» Pi*©ERMlE!8W!klltt«at3B*lffl 
RJtgfttt73S<fcy*^^J§^x -OflDERMfcifcE&IJil 
*6«3i[fEti 3-7j© E R MlC£Ktt[sHHt9iC*JeLfcV 

4>E RM^MttJiitflaHELfeiaftlEW-CE RM^M 

u*fi»#«fcy ft^'fte«; sz^^a 

3L-?7-ty7'Vfr5i&ZktLZ3i£%MMt)\ &Vm 
mc±C**5ttVs StHC rga6£3 (wash 

o u t) j Rrigtttffii*frs?»*. 

[0 0 5 7] $JttXe42 7 4fcJ:y : 2 7 6 <7)J3»ijffc<i: 

*«T» E16J;J;U : ll7lc^LT±a?L/cc);3ftffl^© 

*J«HI*tt» ffilfctt. I^UJS»«*J«J:IJ ! 7 ? :l-7 

«,# \ 9 S>" V 5s / \ * 5> V <7(DmW 6 « L < £ 
«* ft* B173* if» a— 91c o Ttt*35T AttOHttf 

[0 0 5 8] H6fc\fctfia7lEHLT±»LfcJ:5JS:# 

a?ffi^sftfcttsffl»i*. ismiat. 50 
^7i-7<tf<^;b^fi5i<\ ft-t?ft5«\ 
USS^llcfc^T, c*iKJ:y» 7^x^x-^7-tr> 

5«fe3tcft5* x 6T'26*o ffllAtf* a— "fttfl^tftifc 

jaa»T?ttft< » «tt«icia»E-r* e r tAnrnmatm 
i*^te^tfRjr t ?$5fcJ6« ■7j«wyaTTx pbs 

$?fc<t if s a»*isfi l T$ifflr s c t rTbSic ft 

[0 0 5 9] E| 9 3*5^0119 b 14, SftSJi&gfcfcJ: 

7J»J y S T73 9=y 7 2 8 0 fc cfc 2 8 2 T* 
So ^7 7 2 8 OttttCOMaHMSJ.tfffiHIT 1 
**"J«WS* 2 8 4^U ^77282 l*#^(7)Jia3S 
fc<fctfl«M T 2 T *fM8Pfl» 2 8 6 ^^"To O N ^ 

fcS»L»ftLMi£tf**o -Oc7)7'^7iX 

-^7-b>7y 2 0 21c **jHas«?is»*as*ir« 

cfcdl^g^Lfcy. ■tec7)7^7ax-^7ir>7 l J 2 0 
4 ic» Att«fl%tt?»H)« ttiT^r « «fc 3 tcJI^ Lfc y 

lt, a-y<«i:*»e©««eo*it«iijaL»*. 



(14) 



ftM2 0 0 3-l 999 74 



[0 0 6 0] *aWlC«fcoT. *iJH**lfc«***C© 
* 3ftttft?ffl^*C ifcRlteteTSfctt* ifJSlctt, 

*y wfl»*s mrem a ©b tern so r a - ^ ^ 

;U*5*7/Ji»»T'OF F*5*7/ONK-r5,, C+UC* 

It. *J»fl*2 8 4tt, raBiaffiMAaiKL #^7 

a - t f +r f ? ;l/*5 *7J* »J Bl^JS*?/ t/UXttfc ? 
*U ctlWA C©«t©IBlcWWi#2 8 4fl!)«*J 

PWM*-<70$iJffl)T*£5, c*u;:*y, 7Wn- 
fittffinoiBKC (H9 b(cfi^TjS*2 8 8K«toT/T 

r £ 5 to ws© fa-T^w^d/fiitfffl »a?/ \° 

Jl/Xttlc*ft*. LfttfoT, f'JfflRr#&ftH73£x-p© 
-* lc<J:*ai*J #X'i>U f"JffiRrS6ft«*«l*3fc:ft3. 

[006 1] M«Hi*tf»t)«M©IBH!:/^U^ttlc*n 

-7i-Xt/WX1 2®ttfi*tt 77t:l 
I-*, E R Ms Mfi8*0)ft*t) #S*£UI*. s* 

mm. mmmmm* /wztfHBSfcowcft 
6^i N <fc5 tE*jwfli^*uBr ««w*ftt\ cna, 

WI^tfH I GHT*oTt> avxy-tSifoSEifiH] 

Kfc^T* MWlWBieicONlcJSSftt^^lc. ■ 
SOTT* C-<hlco N Lf#*. StflHMORaQiHttHi 

T/mH©«a u^/u*n»r*tt©i*;u4f-«M*a > 

[0 0 6 2] f OjEPOJtWBBfcS^T, fiMtiMO) 
*J»fl»©ffllHT 1 *5*7/T 2 #5£< ft*Ufft£ 

■rni(j»*ft«ifl»©*ijwi*s«»n.^ii3M**r«ii^ 



y>*t^«?3tfji!m*ti»* era*** sassF^op^ 

©»JRttft*#**fch*<ft*) . ^<ofr©sai»« 
fcfil^T* W$T 1 *fcttT2tf#»K*l/*tes E R 
MliO N **r/»©«¥®HltciIB***§*fci&s &£& 

■a # * y 'J>ft < ft y ■affli«oB©*ij»«^«) 

©T 7 7 * a x- * tc * -a T * y IttWi »tt© 

Ji»lcJ:oT rga&j 5ttft^*5lz:, 

[0 0 6 3] td«I«**ft**U 7^fH-^7t 

[0 0 6 4] n-fc/l/7P-fe'J/+r (Hi 1#8R) tt. ^ 

H©rJ»c*J«iKt* i &/</l/X«tc-rS6^*iJWL»*. 
X«\ @5a fc«triEl 5 bOgijOO N^-f^OHfififfijfi 
tcfc^T. T< <7 □ r □ -tr ?tt(iJ8fl»tf aiflSftfc 
if^lC^E X * 'J > L«k flfi«7)*iJ«Hl*fl { 0 FF©1 

[0065] ±ao«*a«»35a^ a(K©wsp« 

fcttO N * i»*#"T 5f60>« **ffll^T*J»*tl 

fteoaaoT 7 <7 x a x- ^ %fi&«)jiffi^is(c 

[0 0 6 6] (HWE«147 T ^^ax-*7-bV^ l J*ffl 

[0 0 6 7] 01 0 a, @10b, 01 0 c fccfcri'H 1 
0dtt*tl?tlx «73 10, 312, 31 4fccfcO : 
3 16T*$'J, H5 a~0 5 blCBIUTSi^L/cXOO 

(tactile) 7-f-K/<y^ xoo 

57 3 1 0*5*7/3 1 2(i, H 8 3*5*7/128 btDffl^- 
tC^ffi Lx HI 6 33*7/11 7 ©*aiE<fe oT»J6*tl* * 
3 ftmSOfiKi©** * fi J: i; **JWI* 

3 1 8*5*7/3 2 0*mr. *J»ffl*«» F/rMOJi^lC 

[0 0 6 8] 0rao5/<7^-^*»SLfc«s *JWfl» 

vxj zmmtZo mi o c©«7 3 i 4ic*j^t. 



(15) 



ftffi 2 0 0 3 - 1 9 9 9 7 4 



frJWI^ 3 2 2^0 N £ ■< U<m.W^ LT\ S&— ©7 

7 ^ a x- * 7-t > 7 u u\ «t y /j^a^m-;^}^ 

*tl^„ HI 0d£>7"57 3 1 6lCfcl^T. 

ffl§3 2 4tfON * fZxCDPSSU:, $JflHI« 3 2 2 <DM'J> 

T> £-<T;77^aX-7^-trv7yB£6U:m7]M£ 
«tt**U SIZK^^aX-^B, g-®7^fil 
- 2 IC * S tl/cffl7JM/cB'J>& l^«73 3B«a 

*l£„ #J;LB\ flJMi^3 2 4B, iWJSfi-f 
f+M^/i/ (fll^tf, 2 5%fa7ig^^L/c7 : ':l-7'r^7 
'r7/^) £*Tt5fc46, cfcy£<£>m7]#7 7 ?5 1 :LX- 

<*y®^jIi!!tftiJ7j3rtiSo $|JW1^3 
2 21*. aiStSI (2 5%) fcB^xa-TV+M 
7;U£ ; Tt3/c4!K CI<D77T^X-£frbai7j£*l3 

***<D£1 o o%jb\ -otDT^^^ax— ?7-tr>7 

y^THftoTttie^tl^o 

[0 0 6 9] Ltctf^T. mm<D±mt, -^><D7? 
fil-$7tV7U20 2,!:2 0 4 ^P^l^tl 

afifr*fc46tc, j^T^W^ax-^-tr^yB. 
*L^ffl7JS (¥*M3» *Jf#**U C*tfc*y» H 
10a~|1 0 blZ&Z&olC, mLV±ZZ<DmW}& 

*iRi*!Kai-r*ii^, {fJWflt^ooN^-rA^iiatfti 

*L^Wfc«Ji«*tU fc5-5<07**ai~5Uc 
<D77?ax-*KJ:oTtii7]£*l3o *J»1§3 2 4 

ay?*) 2 o 4ictt5*tifc»s, <fcy** 

*tl/-c*^s xM^X©:&«rj77^aX-* 2 0 2 
B. «fey^<©¥^«a«*ftflt*tl*. a— <7B, 7d 

[0 0 7 0] -O(7)7^?aX-^C0^(DJi^nfc^ 

-tr > 7 y raa^rtiawffiifcfc^T a **tt«3St*s 

«fc?fcSlR]*t8^T4— ±JiELfcct5S 
557^f2l-9^ ±i£<D*«SfB8l OOKSfclL 



fcHS&ffJ&g 2 0 0 Tti $31 Lf», USSRJIi 2 0 0 
[0 0 7 1 ] H 1 1tt» *»E?©ffiffilcBLfc*U!e7 

[0 0 7 2] haytTa-* i 41*. ffillcB, * 
Xh7Y7P7P-ti'y- , 74 0 0, >ny^402, wa 
HE 2 6fc«J:0 : ^!lJ73f f /^X4 0 4*3fc. *X h 
avta->tt, 7>^7^-feX/*'J (RAM) » 

y-K^vy-z^y crom) fc£tfA7j/ii7] (i 
/o) xu^hp-^x (H^-sr) &£©f6©js«]<& 

□ hti^fc. «jjOT2 6tt, 

->3 a |/-Va>ft£*ISL Xtf-Tj&ifO^tij 
*TA-rx4 0 4S. a-+fK^?tii7j£*l#rt£>o IB 
ttx/WX (M-KtVX? K5'T7\ CD ROM K 
5-f7\ 7P'ytf (R) T-fX*K7-f7tt£) ^ 7'J 
V * s ttXD A7D <-f X 33 «fc tf ffl* 7=7 U X ft t* ©ft© 

So 

[0 0 7 3] -77X^ K*i*©-r>*-7i 
-Xr/KX1 2tt» ?X*lRl/U2 0lCct^T*XhP 

*X hPVtfa-^S/XT 1 ^! 4tY>^-7i-Xr 

/wxt ©laTL^tii^©* iRiT«**aifli-r s„ / u 

2 01*. RS 2 3 2->U7MV^-7i-X, RS- 
4 2 2, J.-/\— Vl\,*/ I J7)\'JKX (USB) . MID 

-f V£-7 x -X/^XT'35oTt>x / l^U/ o 

7i-Xt, T/WX1 2©7^fil-' ?tC«7D=&tt 

[0074] 7/WX12B, p-Tj^UT'T^P^P-tr 
7*4 1 0 ijHRtCflSUT* p-7j;Uv<^ 

□ 7Pt7+f4 1 0«, r/\VX1 2<7)/\7v>^F«gtc 
SltTs v7X05ffi=lV* o -^> 

pIt6^^:L^#i.„ 7"nt'^4 1 01*. r/WXl2lci: 

rp-Tj/bj whavtJa- *->Xxi.i 4F*g© 
35 6 7P * v l*»lt 6 tl/c?< ^ P 7P * y +J- 
T**rP-ty^4 1 0*»r. *5tE, rp-7j;Uj 
I*. SfJIlcBv 2<O04Jlt7-i'-KM->733J: 
tf-bV+J- I /0#ffl<rj7P-t'y+M 1 0**Bf. V-<7 
p7P-tr-y+M 1 0B. PVtfa— Jf*Xh1 4fi»6© 
JI^$/cBy7XX h«SOV7 h*x7»/T**S#* 

y 7XX hlcd;oTA7D^?3c}:r>ai7]€^SaS/®J 
SP-TS, $61^ 7P-b->*4 1 0B, *vy-{I^£HE 



(16) 



151182 0 0 3- 1 9 9 9 7 4 



4#SSfc&LTl!lfEUf*. 7-f^P7Pt7+f4 1 0 
1*. -O£07-f^a7a-b7tf77> *BM>7n-fe* 

ttT*J*)W£*fn-kyV (DSP) ®*Mg&$*£ 

[0 0 7 5] *a7n-fey*M 1 ott. -fcvtf (¥ 
ftSfcUfflft) 4 1 2frSfi^£g{lLT. 
tfa-$ 1 4lCj:oT/a2 0*^LTa«*tl**S^ 
iCctoT, «**7 7 ^f : aX-^7 , -bV^U5 4t£Jltt 

*XhZI>fcfi— S» 1 4(*/^2 0*^LT^^a7 
□ •by-9-4 1 0lC*U^U©HttJ8**S«tU 7"T<7 
P^P-te-y+M 1 OBjS^Sxa-KU KU^/KDJi 
fro, *7. KPVtf^-^ 1 4fr6tt£:Lfc 

Jl/-^SIt5„ CClM^ttv 3KHftiTC65. 7 3 
4, 3 7 3^c«tyaMBltE«*tiS„ *Xhfflffl/U- 

pTti-bv+Mi otcfflastiT, 7f ?p:7'P•t:•y^7 
*3tc»^r*. p-a/l/©vf*P7P-fe?+M i o 
I*. — 3JM±OBf4©Se&*T7'5X©fflB*E«r* 
<»If- * ft ^O)^-* **X h a V t: a - 4HE*ftr 
3o x-^tt, #»2 4©m d-/\7K2 0^' 

Slff*tlfc7P75A*WJr-r*. P-a/KDiMW/l/- 
yicfc^Tx 7*fil- £fl^l*, ^-r^pyp-ty 
+M1 0fr67"75 1 aX-^7-tr>7' l J4 3 4lc^i± T t 
tiTs -fevirtl**. -tr>+T4 1 2fc£U'f6<£>A7]7 : 'M' 
-fX4 1 Sfre^l^P^P-fey+M 1 0tc^«*n 

W\ a-+fK^«£^S?37'^ax-* 

7f ?P7P-tr-y-t4 1 01*, A^j*tifc-tV 

p-*/Wci*£T*Pmc*vtf«^£ffli.^cy. -tr v+r 
If^fr ettStlfcttBx-* *** J* P > fcTa— *IC$H 

[0 0 7 6] *6lcf6©S6ttJBJ8tc£^T, f6©<fcy|ll 
mts.l\- K'7i7^r7WX1 2lCP-7j/Hc|SttT, 

'J434l«:«ttLT, -trVtJ-4 1 2frS-feV«H»*H 
ffiLT, ffi£4>Ml& 7/HruXL,$/ctt^P-trXlCi: 

i67aBi*s^-r*atisw:aK#iEj:oTfliia?s*. 



[0 0 7 7] JWc«*X hSJWSftfcHJWBJIStCfc^ 
Ts *X hP>t:a.-$ 1 41*. /U2 0^LTftL/ 

p^p-ty+r4 1 o*rc(if6o mux. *y«**) 

Stt»*^LT. 7^fH-' >7'-b>^'J4 3 4lC« 
I*. x/S-fXI 2MDt<T©if33J:y7 : /WX1 2 

[0078] ffiJUft^x himexwgsrc&k^ * 

fcJ:tf/£fd*/\°/UXKttLT*?£fccfclM 
Bl£6l»T. P-*;l/7P-feytf*JBl^T, nn«^t 

<7>?>Afr 6tt±E LT, ^«Jt*«4 U»* t/ K X±© 
n-ajl/yn-feyWCfijtStiliS. C*iS©#S©« 

[0 0 7 9] R AMfc^lf/S/cliROMftt'roP-* 
/I/** 'J 4 2 21*. 5fjIlC(*. 77X1 2F*g<D7l"?P 

7p-ty+f4 1 otcjg^?nTx v-r-?p7p-t7- | 7 4 

-a©*Sltt*tlfc*fils * tcm-WfVxt 
-7>fti: 1 0737P7 7"r;b^^ ; EU 4 2 2|*glEtttfrr 

scttfRitres*. ssku p-7j/i/7P'y74 2 4 

£7f7P7°P-fey-y4 1 0lOg£LT\ *XhPVtf 

-**afltu»*. ^-rsv^x-^j*, t 7 ^ 

?:il-£7-fcy7'J4 3 4KJ;oTtU7D£*l3;fj «5"J 
^.1*. ft»*hfc5iStC«c#Lfc^ $/cl*ffi£DB#^tC 
fe^Lfcg^) ^ItW-r^fctotC^TSUtf^o US 

-f^PTTl-fcy+M 1 0ffl<7)^-f = SU*. US 

[0 0 8 0] -tr>H74 1 2(*. x/WXfcJC^/Sfcl* 

^■?P7'Pt7+t4 10 (Sfctt«H4) (Cft 

;wti>a-<r» «t>9->XTi», «ivp- 
^ affiMit. 3t-tr>+rs aar-tv^ bm-tyv, u 



(17) 



1#BB2 0 0 3-1 99974 



*. S*#lcattT**«fc3lc. ft-tr>+M>*-7x 
-74 1 4£ffli^T, •te>- | 7lf^£V'f?P7P-ti-y-i7 
4 1 0fc«fctf/$fcte*7.h=l>t°a-$->2.7 l A1 4 

[008 1] 7 7 ??xX-*7'-t!>7'J434li, 

*p7p-tr<y+t-4 1 ofi«fclf/*fcl**xhavt;i- 

*7 , -feV7~'J4 3 4tt, ffilAtf* «14M*»»*-S* 

[008 2] 7^fH-?-<^-7i-X4 16 
£, j&HICJSUT, 7ffH- 5»7 7 -tV7'J4 3 4t 
vr^p7a-try+M 1 OtOHUcSWitLTs 7 

T, 7^^ai-5f7-bV^'J4 3 4*«li*-&»*. 
-<>*-7x-7>4 1 61*, tt7jii*SfS, 7^7^ 7 s 

i;*jb/7tny3y/t-* (DAC) , 7tpy/x 
5>*;l/SJ»» (ADC) £j:tfffi©av#-*vi*£S 
Wf*. ffi©A*7 ? /<'fX4 1 85-, r/WXI 2F"9lc 
SWT, a-+ftcj:oTJ*#*tifc^lc> A7Jft^£ 
-^-f^pXP-tr-y+M 1 OffcB-WH 4K2£frr 
5„ CCD.fed^ATDx/^'TXtts ^>24, d -n°'y 

^, P-;U*'T-;U«fettffi©*iJ»*/5:By*-X 

[0 0 8 3] «;]g4 2 0£, ifrWlzlZCT. 7^^n.X 
>*-7i-7x4 1 6£J:tf/$fttt7^f2l 
-*7i*y7>) 4 3 4K^££*l/cx7W7. 1 2rtic§8 

#-*>l»£LTJlttUt*o tt7j£, 

■kyyij 4 3 4*Htt£-eefcJ6(c&BttJI&KJB^6 
©HBSflS!gtt, (3KmttmR5. 9 2 9, 6 0 7^KIB 

n 3 «fe 5 io x / u * ©w*j*ma ?> uxzm^ 

/WT'JHtl^T, &fti7 7 7?:LX-*£!EB] 
U§*. «StC*5i;T, £±X-f 'y^4 3 2£|§t7T, 
2-WSt±<DIft^57^fil-' ?7 7 -tr>yU 4 
3 4 *#it* * C tfl«RmiCft«o 

[0 0 8 4] **w*^< o^cffaaniWBiKoai^ 



*Wt7 -f- K/WS'TV^rx©^©**** 
r*Ctfl«Rli6?**o ft3£©fl3ffitts !3&£ 

[BiS©ffi*ttlMll] 

[mi] 0 m, *«wicffiffl-r*cticaLT^*y 

5» 

[0 2 a ] 0 2 a *fa«tt7 -r - K/ «y 7 *««r 
3 ft 46© 2 0<7)7 7 5 1 n X - 7 SStyttJt-f > * 7 x -f 
X5?/^rx©§Q^tB©¥ffiRrffiia?**. 

[02 b] 02bB, SEWS?*- K/ty**»RT 
£ fc46© 2 0©7 7 9 J. X- 7 S^CttJt'r > * 7 x 

[S3] 03tt, 02 a~02 b©2-3©77*:il- 

*©ii»ra»fcffijs7*fca&©*»w©*ijw*»sjsr 

[04] 04(i, YV>7ia7/MXi. H— W 
[15a] 05 ate, 2-D(D75?3-JL-$t®$£mVk 

mm t *^ tjuwe-f > * 7 x -r x x/ w x©sijo*jsjb 
jB*s-r¥iSBfiBiaT**. 

[05 b] 05 bliv 2 0<7)7 7 ^9 1 ax-^ < !:(5]eiltt 
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